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LATE PLEISTOCENE MOLLUSKS FROM THE SOUTHERN
BLACK HILLS, SOUTH DAKOTA
Christopher N. Jass1,3, Jim I. Mead1,2, Amy D. Morrison2, and Larry D. Agenbroad1,2
ABSTRACT.—Pleistocene-age mollusks recovered from the Nelson-Wittenberg Site and Mammoth Site provide information on paleoenvironments of the southern Black Hills, South Dakota. New mollusk records for the Mammoth Site
include Vertigo modesta, Catinella sp., and Gyraulus parvus. The presence of V. modesta, Columella columella alticola,
and Pupilla muscorum at the Nelson-Wittenberg Site suggests cooler than modern conditions in the Black Hills during
the Pleistocene. Although the majority of identified taxa are consistent with previous interpretations of an arid, shrubsteppe environment for the Black Hills during the Wisconsin Glaciation, V. modesta and C. c. alticola suggest the presence
of at least some isolated, local mesic areas.
Key words: Black Hills, mollusks, Late Pleistocene, paleoenvironments, Mammoth Site, Nelson-Wittenberg Site.

The Black Hills of South Dakota, aptly
described as “a forested island in a grassland
sea” (Froiland 1990:1), occupy a unique physiographic position within the northern Great
Plains (Fig. 1). The Black Hills are situated
approximately 610–2100 m higher than the
surrounding northern Great Plains, with the
local vegetation containing representatives
from all adjoining plant communities (Weedon
and Wolken 1990). Reconstructions of paleoenvironments for the northern Great Plains
rarely address the Black Hills. Due to the varied topographic and biotic nature of the Black
Hills, paleoenvironmental reconstructions based
on data recovered from the surrounding northern Great Plains may not provide an accurate
picture of conditions within the Black Hills
during the Pleistocene (1.77 Ma [meg annum;
million years ago] to approximately 10,000 yr
B.P.; years before present). Although the Black
Hills have no direct evidence of glaciation
(Lemke et al. 1965), the close proximity of the
Black Hills to the Laurentide ice cap (~240
km to the east) during the Late Pleistocene
surely influenced the composition of local biotic
communities.
Data on Pleistocene environments in the
Black Hills are not abundant. Due to a lack of
natural lakes and ponds, the potential for palynological study for the reconstruction of past
environments is limited. Fredlund (1996) provides geomorphic evidence of latest Pleistocene

and Holocene deposits. At present, only 2 Pleistocene paleontological localities, Salamander
Cave (Mead et al. 1996) and the Mammoth
Site (Agenbroad et al. 1990), are published
from the Black Hills proper. Most paleoenvironmental data for the northern Great Plains
during the Late Pleistocene were derived from
research at localities in adjacent geographic
areas outside the Black Hills. Using data from
areas peripheral to the Black Hills, some researchers have inferred that portions of the
Great Plains, including the Black Hills, were
covered with spruce (Picea) forest during the
Late Pleistocene (see Mead et al. 1994 for discussion). Other interpretations, based on faunal
evidence, suggest steppe environments for portions of the northern Great Plains during the
Pleistocene (Taylor 1960, 1965, Voorhies and
Corner 1985).
Molluscan and vertebrate data from the
Late Pleistocene Lange-Ferguson Site (10,670
yr B.P.), east of the Black Hills (Fig. 1), suggest
more mesic conditions than modern, with
brush and/or woodlands occurring at the site
(Leonard 1982, Martin 1987). Whether LangeFerguson fossils represent an overall “mesic”
regional trend is unknown; drier, grassland environments may have occurred in areas away
from Lange-Ferguson (Martin 1987).
To the west of the Black Hills, mammalian
faunas are the primary source of paleoenvironmental reconstructions (Mead et al. 1994).

1Quaternary Sciences Program, Box 5644, Northern Arizona University, Flagstaff, AZ 86011-5644.
2Department of Geology, Box 4099, Northern Arizona University, Flagstaff, AZ 86011.
3Corresponding author. Present address: Department of Geological Sciences, Mail Code C1140, University of Texas at Austin, Austin, TX 78712.

129

130

WESTERN NORTH AMERICAN NATURALIST

[Volume 62

Fig. 1. Map depicting locations (triangles) of Graveyard Cave (GC), Mammoth Site of Hot Springs (HSMS), NelsonWittenberg Locality (NW), Salamander Cave (SC), and PaleoIndian sites (asterisks) containing mollusks, including
Agate-Basin (AB) and Lange-Ferguson (LF).

Alpine tundralike conditions and more equable
climates may have dominated much of Wyoming at approximately 22,000–18,000 yr B.P.
(Walker 1987). At that time boreal forest environments were more widespread than today
(Walker 1987). Immediately west of the Black
Hills, faunal remains from the Late Pleistocene–Early Holocene Agate Basin Site (Fig.
1) indicate a steppe savanna for the terminal
Pleistocene (Walker 1982). Mollusks from Agate

Basin are indicative of more mesic conditions
than today, at least in the immediate area of
the locality (Evanoff 1982).
Reported Pleistocene localities from the
Black Hills include Salamander Cave (Fig. 1),
which has a minimum age of 252,000 yr B.P.
(Mead et al. 1996), and the Mammoth Site of
Hot Springs (Agenbroad et al. 1990, Agenbroad
and Mead 1994). Using faunal and limited
pollen data from the Mammoth Site, several
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authors (Czaplewski and Mead 1994, Mead et
al. 1994, and others) suggested the presence of
a cold steppe-grassland in the Black Hills at
26,000 yr B.P. More mesic conditions and geomorphic stability, relative to modern, existed
in parts of the southern Black Hills during the
transition from Late Pleistocene to Early Holocene (14,000 yr B.P. to 9000 yr B.P.; Fredlund
1996). An interpretation of more mesic than
modern conditions from the Late Pleistocene
through the Early Holocene is consistent with
paleoenvironmental data from a variety of localities peripheral to the Black Hills (see summary in Fredlund 1996). Fossil mollusks from
a third Pleistocene locality within the Black
Hills, the Nelson-Wittenberg Site, provide
evidence for the reconstruction of past environments in the southern Black Hills. Here
we present identifications of mollusks from
the Nelson-Wittenberg Site as well as additional specimens from the Mammoth Site. We
use these mollusks to further assess environmental conditions in the southern Black Hills
during the Late Pleistocene.
STUDY AREA
Locality Descriptions
Currently, Pleistocene-age fossil sites in the
Black Hills are known only from the southern
Black Hills.
MAMMOTH SITE.—The Mammoth Site of
Hot Springs is a 26,000-year-old deposit located
in the southern Black Hills (Fig. 1). Detailed
descriptions of the geology, chronology, and
vertebrate paleontology of the Mammoth Site
are presented in Agenbroad et al. (1990) and
Agenbroad and Mead (1994). The Mammoth
Site represents an artesian spring-fed pond
environment contained within a sinkhole (Agenbroad 1994). The sinkhole was likely in-filled
with sediment over a time period of 175 to
700 years (Laury 1994). Timing of cessation of
spring discharge into the sinkhole is not known
(Laury 1994).
Various aspects of the molluscan and vertebrate fauna from the Mammoth Site are discussed in Agenbroad and Mead (1994). Mead
et al. (1994) describe mollusks recovered from
the first 20 years of excavation at the Mammoth Site. From 1990 to 1999, sediments were
washed through 1-mm-mesh screens and were
stored at the site for future analyses. Sorting of
these sediments began in July 1998 and pro-
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duced additional fossil mollusk taxa which are
reported here (see Table 1). Recovered mollusks come from bulk samples and cannot be
strongly correlated to a particular time or
stratigraphic unit within the depositional
framework established by Laury (1994).
NELSON-WITTENBERG SITE.—The NelsonWittenberg Site is a small alluvial deposit in
the southern Black Hills, located west of the
Mammoth Site (Fig. 1). The structure of this
small deposit shows uniform, yet limited, stratigraphy (Mead personal observation). The
locality appears to be a remnant drainage
channel that might have originated from a
spring deposit, but apparently not one containing any pooled water. No spring occurs in
the area of the locality today. A sample of finegrained sediments from around a Mammuthus
tusk and Bison tooth produced a thermoluminescence date of 37,900 ± 2900 yr B.P. (W2611).
We feel this is an approximate age but verifies
assignment of the deposit to the Late Pleistocene. If the thermoluminescence date is correct, the locality lies well within the most
recent glacial phase (Wisconsinan Glaciation)
and dates older than the Mammoth Site.
Microfaunal elements discussed herein come
from salvaged bulk sediment samples (washed
through 1-mm sieve). Small mammals from
the locality include Lemmiscus curtatus (sagebrush vole; see Bell and Mead 1998 for identification of characters) and Microtus sp. (vole).
Modern Environments
As a result of an updoming event that began during the Laramide Orogeny, the geologic
structure of the Black Hills region is characterized by a “layer cake” or anticlinal pattern
in which the oldest rock formations are encircled by younger rock formations as one progresses outward from the core (Froiland 1990).
The 4 major physiographic regions of the
Black Hills include the Crystalline Core, Limestone Plateau, Red Valley, and Hogback Ridge.
The Mammoth and Nelson-Wittenberg sites
are situated on erosional remnants of the
Permo-Triassic sediments that make up the
Red Valley. In the southern Black Hills this
region is currently dominated by grassland,
interspersed with an open ponderosa pine
(Pinus ponderosa) forest. Fredlund (1996) considered the Red Valley an extension of the
grasslands that surround the Black Hills.
Local artesian springs (some thermal) provide
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TABLE 1. Fossil molluscan faunas from the southern Black Hills. For fossil and subfossil taxa, X = present in this study
(see text), 1 = Mead et al. (1994). Extant refers to the presence of fossil species as part of the modern snail fauna of the
Black Hills. For extant, TR = this report, 2 = Frest and Johannes (1993). For a complete list of extant Black Hills mollusk taxa, see Frest and Johannes (1993). NW = Nelson-Wittenberg, MS = Mammoth Site, GC = Graveyard Cave.
Provincial information for terrestrial gastropods is as follows: C = common, widespread, RM = Rocky Mountain, I =
Interior, N = Northern, based on discussions in Bequaert and Miller (1973), Frest and Dickson (1986), Frest and
Johannes (1993), and Woodman et al. (1996).
Taxa
SPHAERIIDAE
Pisidium castertanum
Pisidium compressum
Pisidium obtusale
Pisidium walkeri
LYMNAEIDAE
Fossaria parva
Fossaria cf. dallia
Fossaria sp.
PHYSIDAE
Physella sp.
PLANORBIDAE
Gyraulus parvus
Gyraulus sp.
PUPILLIDAE
Columella simplex
Columella c. alticola
Gastrocopta armifera
Gastrocopta procera
Pupilla muscorum
Pupilla hebes-like
Pupoides albilabris
Vertigo modesta
Vertigo gouldi hannai
VALLONIIDAE
Vallonia gracilicosta
Vallonia cyclophorella
SUCCINEIDAE
Catinella sp.
DISCIDAE
Discus whitneyi
Discus sp.
ZONITIDAE
Hawaiia minuscula
Zonitoides arboreus
LIMACIDAE
Deroceras laeve

NW

MS

GC

Extant

Province

—
—
—
—

X
X, 1
1
X, 1

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—

X
1
1

—
—
—

—
—
—

—
—
—

—

X, 1

—

TR

—

—
—

1
X

—
—

TR
TR

—
—

—
X
—
—
X
X
X
X
X

1
—
—
—
X, 1
—
—
X
—

—
—
X
X
—
—
X
—
—

2
—
TR, 2
TR, 2
—
—
2
2
—

I, N
N, RM
I
I
N
RM
C
N
I

X
X

X, 1
—

X
X

2
TR, 2

RM
RM

X

X

X

TR

—

—
X

—
—

X
X

2
—

C
—

X
—

—
—

X
X

TR, 2
2

C
C

X

1

—

TR, 2

C

the potential for atypical microhabitats in the
southern Black Hills. Riparian areas occur as a
result of drainage from spring discharge and
runoff, although perennial streams are not
abundant.
The modern vegetative character throughout the Black Hills is complex. Elements of
eastern deciduous forests, Rocky Mountain
coniferous forest, northern coniferous forest,
and northern Great Plains grassland all occur
in the Black Hills (Froiland 1990, Weedon and
Wolken 1990). Many plant species have only relictual populations in the Black Hills as a result

of climatic changes through the Pleistocene/
Holocene transition (Weedon and Wolken 1990).
Today, mean annual temperature for the
Black Hills is 45.6°F (7.5°C); average precipitation is 73.6 cm (29 inches) at high elevations,
with lower amounts occurring in the adjacent
plains (Froiland 1990). Climates in the Black
Hills are highly variable and differ from north
to south. The southern Black Hills are characterized by less annual precipitation, warmer
summer temperatures, and warmer winter
temperatures than the northern hills (Froiland
1990, Weedon and Wolken 1990).
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Until recently the modern molluscan fauna
of the Black Hills region was not well known.
Prior to 1993, four published surveys, primarily reporting specimens from the northern
Black Hills, provided the only information on
extant molluscan species of the Black Hills
area (Over 1915, Henderson 1927, Roscoe 1954,
Hubricht 1985). The most comprehensive
report on extant Black Hills land snails is an
unpublished United States Forest Service and
United States Department of the Interior
report (Frest and Johannes 1993). To our knowledge, no information concerning locally extant
aquatic taxa is published.
When considering Black Hills molluscan
fauna as a whole for comparisons of fossil faunas with locally extant taxa, we refer to the
complete list of known Black Hills taxa presented in Frest and Johannes (1993). To supplement the data of Frest and Johannes (1993),
in Table 1 we include records of taxa collected
by us from disturbed and undisturbed habitats
of the southern Black Hills. Mollusks from
Graveyard Cave, a Late Holocene locality in
the southern Black Hills (Fig. 1), are also presented in Table 1. Graveyard Cave mollusks
represent a modern portion of the Black Hills
malacofauna from outside the Red Valley, in
open ponderosa pine forests of the adjacent
Limestone Plateau (see Fig. 1).
Extant Black Hills mollusks have mixed
affinities, with the majority of species associated with molluscan provinces to the north
(Northern Province) and west (Rocky Mountain Province; Frest and Johannes 1993). The
Red Valley malacofauna is less diverse than in
other portions of the Black Hills, possibly due
to the composition of the substrate (Frest and
Johannes 1993). This model of a depauperate
Red Valley may change with further sampling
of microhabitats in the southern Black Hills.
METHODS
Methods of fossil snail recovery are discussed, in part, under site descriptions. The
use of 1-mm sieves for mollusk retrieval at the
Mammoth Site and Nelson-Wittenberg Site is
possibly unfortunate, as some smaller taxa
(i.e., Vertigo spp.) might not be recovered at
that mesh size. A 0.7-mm (700-µm) sieve is
typically more desirable for mollusk recovery
and is now employed in all of our studies.
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Unless otherwise indicated, species names
follow Turgeon et al. (1998). Mollusk identifications (in part), descriptions, and anatomical
terminology are based on Pilsbry (1946, 1948),
Herrington (1962), Clarke (1981), and Burch
(1962, 1989). Comparisons of modern and fossil specimens from Northern Arizona University, Quaternary Sciences Program, were also
used for identifications. Institutional abbreviations are as follows: Northern Arizona University, Quaternary Sciences Program (NAUQSP);
Mammoth Site of Hot Springs Laboratory
(MSL); and Wind Cave National Park (WICA).
Nelson-Wittenberg mollusks and extant mollusks reported here are curated at NAUQSP.
Mammoth Site mollusks are curated at MSL.
Graveyard Cave mollusks are under the auspices of WICA but are curated at the National
Park Service Repository, Northern Arizona
University, QSP.
RESULTS
Table 1 provides a list of molluscan remains
recovered from the Mammoth Site and the
Nelson-Wittenberg Site. At least 13 fossil molluscan species are now known from the Mammoth Site (Table 1). Vertigo modesta, Catinella
sp., and Fossaria parva are newly reported
taxa from this locality. Twelve species of mollusks were recovered from the Nelson-Wittenberg Site (Table 1). For the most part, fossil
mollusks from the Mammoth Site and NelsonWittenberg Site are extant in the southern
Black Hills today. Identification of fossil taxa
not found in the region today requires discussion of identification methods; these are presented below.
Pisidium walkeri
Sterki, 1895
Specimens of this small clam (MSL 1469,
1471–1473) include both left valves (with wellpreserved C2 and C4) and right valves (with
C3). The C2 is short, highly curved, and characteristically bent in the middle, with a
rounded tip at the posterior end and tapering
to a point at the anterior end.
Columella columella alticola
(Ingersol, 1875)
Columella columella alticola is the only
North American form of the Holarctic species
C. columella. Specimens (NAUQSP 11585)

134

WESTERN NORTH AMERICAN NATURALIST

[Volume 62

that can be confidently referred to this species
conform to the characters outlined in Pilsbry
(1948). In particular, the spire is rounded,
weak striae are present, and the last whorl is
more expanded than the preceding whorl (see
Pilsbry 1948: figs 535–536). The cylindrical
form of identified specimens (Fig. 2) is consistent with Pilsbry’s (1948) description of C. c.
alticola rather than the more tapering form of
Columella edentula (Pilsbry 1948). Columella
columella alticola is not reported in the aforementioned surveys of the modern Black Hills
malacofauna. Several other specimens are
probably C. c. alticola, but the state of preservation prevents an unequivocal identification.
Vertigo modesta
(Say, 1824)
The majority of specimens (MSL 1370;
NAUQSP 11568–11574) conform to characters
of the species outlined in Pilsbry (1948). The
shell is irregularly striate or smooth. A parietal
fold is present but minute. The columellar fold
is barely present. A lower palatal fold is present and small, with a smaller labrum fold as
either an upper palatal or interpalatal fold.
Two specimens from the Nelson-Wittenberg
Site have a small, angular lamella present in
the aperture. These specimens (NAUQSP
11575–11576) conform to Pilsbry’s (1948) description of V. modesta parietalis and so are
referred to that taxon.
Vertigo gouldi hannai
Pilsbry, 1919, Pilsbry, 1948
Four shells (NAUQSP 11565–11567) contain an upper sinulus on the aperture. Striations are distinct but finely present. The angular fold is distinct and small. The parietal fold
is strong and distinct from the angular. The
columellar fold is large and distinct and separated from the smaller, subcolumellar fold.
The upper and lower palatal folds are strong
with a callus barely present to wanting. The
longer, lower palatal fold is slightly inset deeper
than the position of the upper. Shells are 1.8–
1.9 mm in length and 1.1 mm in diameter
within 4.25–4.50 whorls.
Our specimens fit into the V. gouldi-group
as defined by Pilsbry (1948:971), who clearly
states that select members may or may not
contain an angular fold. Our specimens contain a subcolumellar fold (= basal fold of Pilsbry [1948:971]) that, along with the other

Fig. 2. Columella columella alticola (NAUQSP 11585)
from the Nelson-Wittenberg Site.

characters listed above, would identify these
specimens as belonging to Vertigo gouldi hannai. Some authors vary as to whether this
taxon is a form of V. gouldi or a distinct species.
Even Pilsbry varies as to its taxonomic placement (1948:971 vs. 976). Both Pilsbry and
Hubricht (1985:11) placed this morph as a
taxon restricted to Pleistocene-age deposits,
with which we concur. We also agree with
Pilsbry (1948:976) that “V. g. hannai is very
closely related to V. gouldi, but differs by having slighter striations [and] a well-developed
angular lamella. . . .” We see little reason based
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on published accounts to relegate a slightly
distinct and incompletely understood morph
to species level due solely to chronological
assignment. For this reason we have cautiously identified our specimens as V. gouldi hannai
morph, with the hope that more specimens
can be found in the future to better understand this apparently extirpated form.
Pupilla muscorum
(Linnaeus, 1758)
Identification of Pupilla muscorum follows
Pilsbry (1948). The aperture of some referred
specimens (MSL 1350–1360, NAUQSP 11597–
11604) contains a thickened calcareous deposit, which separates them from Pupilla hebes.
Pupilla muscorum is not known to be extant in
the Black Hills.
A large number of specimens of Pupilla from
Nelson-Wittenberg are “Pupilla hebes-like”
(NAUQSP 11590–11596). The primary character used to separate P. muscorum and P. hebes
is the lack of a thickened calcareous deposit in
the aperture of the latter. Separation of P.
hebes from P. muscorum in the fossil record is
problematic, and we are not overly confident
in our ability to distinguish fossil or modern
shell specimens of these species. Although size
variation, paralleling climate change, in fossil
Pupilla muscorum is recognized (Rousseau
1989), there are currently no published diagnoses on natural variation in anatomical shell
characters of fossil or modern P. muscorum
and P. hebes. We identify a large number of
Pupilla specimens as “Pupilla hebes-like” based
on the lack of a thickened calcareous deposit
in the aperture (Table 1).
DISCUSSION
Knowledge of the biology/ecology of extant
animals allows us to address the meaning of
their remains in Pleistocene fossil deposits.
That is not to say that all fossil species have a
modern analog or that extant animals could
not have existed under slightly differing ecological conditions in the past. Rather, studies
of the habitat preferences, biogeography, and
ecology of extant mollusks, as well as vertebrates, provide us a starting point in addressing paleoenvironmental questions.
Most data on habitats associated with particular molluscan taxa come from regional and
local surveys of modern malacofaunas. For
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habitat information concerning extant mollusks
of the Black Hills, we refer to Frest and
Johannes (1993). These data provide a baseline for comparison of habitat preferences
associated with particular modern or fossil taxa
in the Black Hills (i.e., found only in moist
areas).
The geographic distributions of extant North
American mollusks are fairly well known,
although the factors that control such distributions are not completely understood. Specifically, the ecological factors that control modern land snail distributions (e.g., moisture, vegetation, temperature, etc.) are numerous and
the relationships between those factors in limiting geographic distributions are not well
known (Goodfriend 1992). Nonetheless, preliminary statements on the paleoenvironmental meaning of fossil mollusks can be extrapolated using available data on extant mollusk
distributions and their associated habitat preferences.
The Mammoth Site, dating to 26,000 yr B.P.,
was previously sampled for mollusks, and a
preliminary account of recovered species was
presented in Mead et al. (1994). Sediments
and mollusks from the site indicate the presence of abundant, open water. The aquatic
genus Physella is by far the most abundant
component of the Mammoth Site molluscan
fauna (Table 2). Previous interpretations by
Agenbroad and Mead (1994) state that the
ponding water may have been warm and that
the local environment was treeless. Having a
molluscan fauna highly depauperate in diversity but dominated by physid snails was considered consistent with a warm-water regime.
The additional taxa reported here do not clarify this interpretation.
The Nelson-Wittenberg Site, possibly dating to about 37,900 yr B.P., most likely represents drainage from a nearby spring. There is
no indication of a warm-water spring at Nelson-Wittenberg. Unlike the Mammoth Site,
there is no indication either in sediments or
molluscan species that the spring supported a
body of open, ponded water at, or adjacent to,
this locality. All molluscan taxa are terrestrial
forms. Catinella sp. is the most abundant snail
from Nelson-Wittenberg (Table 2) but is not of
great utility for paleoenvironmental interpretation. The affinities of snails from NelsonWittenberg are primarily with the Rocky
Mountain or Northern molluscan provinces.
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TABLE 2. Relative abundance of mollusks reported here from the Mammoth Site and Nelson-Wittenberg Site, to nearest 0.1%. MSL 1300–1478 are included here as representative of the Mammoth Site. Ongoing excavation at the Mammoth Site will likely produce additional specimens. The value of calculated relative abundance is limited due to sampling methods. NISP reflects the number of individual specimens of each species. For easily broken shells (Catinella,
Physa, Fossaria), NISP was calculated by counting the apex in order to eliminate a bias toward less friable species. For
others (Pupillidae), complete apertures were counted. Unless indicative of a distinct genus or species (Discus sp.), specimens referred to “sp.” (e.g., Pupilla sp.) were not counted. Nelson-Wittenberg total NISP = 829; Mammoth Site total
NISP = 203.
Nelson-Wittenberg
_________________________
NISP
Rel. Abund.
Pisidium casertanum
Pisidium compressum
Pisidium walkeri
Fossaria parva
Physella sp.
Gyraulus sp.
Columella columella alticola
Pupilla muscorum
Pupilla hebes-like
Pupoides albilabrisa
Vertigo modesta
Vertigo modesta parietalis
Vertigo gouldi hannai
VALLONIIDAE
Vallonia gracilicosta
Vallonia cyclophorella
SUCCINEIDAE
Catinella sp.
DISCIDAE
Discus sp.
ZONITIDAE
Hawaiia minuscula
LIMACIDAE
Deroceras laeve
TOTALS

Mammoth Site
_________________________
NISP
Rel. Abund.

—
—
—
—
—
—
4
90
122
1
202
2
4

—
—
—
—
—
—
0.5
10.8
14.7
0.1
24.4
0.2
0.5

1
2
4
1
132
2
—
14
—
—
1
—
—

0.5
1.0
2.0
0.5
65.0
1.0
—
6.9
—
—
0.5
—
—

145
4

17.6
0.5

31
—

15.3
—

216

26.1

15

7.4

3

0.4

—

—

6

0.7

—

—

29
828

3.5
100.0

—
203

—
100.0

aAppears to be a modern contaminant.

Widespread species, such as the slug (Deroceras laeve) and the snail (Hawaiia miniscula),
are also present. The Nelson-Wittenberg molluscan fauna, as a whole, lacks some of the
eastern and southern elements (e.g., Gastrocopta procera, G. armifera) found in the Late
Holocene Graveyard Cave fauna and local
modern surveys (Table 1).
The presence of Vertigo modesta, Columella
columella alticola, and Pupilla muscorum at
the Nelson-Wittenberg Site is noteworthy.
Vertigo modesta is common at the Nelson-Wittenberg Site (Table 2). Frest and Johannes
(1993) reported V. modesta (as V. m. modesta)
from wet, lowland areas of the central Black
Hills. Certainly, more mesic local conditions
than today existed in order to support species
such as Vertigo modesta, Catinella sp., and
Deroceras laeve at the Nelson-Wittenberg Site.
Indication of spring drainage further supports

the idea of a moist, local setting. Such a scenario
does not necessarily imply more mesic conditions for the southern Black Hills as a whole,
but may merely record the existence of a greater
number of areas of spring discharge.
The lack of modern Columella columella
alticola specimens in the Black Hills is puzzling considering the affinity of Black Hills mollusks with Rocky Mountain forms. Columella
columella alticola is typically a boreal form
from the Rocky Mountain molluscan province
(Bequaert and Miller 1973). At the more southern end of its range, C. c. alticola is usually
found at high elevations where moister conditions occur (Bequaert and Miller 1973). La
Roque’s (1970) data on the ecology of the
species indicate an affinity for moist areas.
Columella columella alticola is a rare species
from the deposit; only 4 specimens were confidently assigned.
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Pupilla muscorum (considered a Northern
Province species by Frest and Johannes 1993)
is not reported in modern surveys of the Black
Hills, and yet this taxon was relatively common at the Nelson-Wittenberg Site, more so if
the P. hebes-like forms are actually P. muscorum (Table 2). As with Columella columella
alticola, at the southernmost portion of its
range (Arizona and New Mexico), P. muscorum
is usually found at high elevations (2043–569
m [6700–12,000 feet]; Bequaert and Miller
1973).
Based on modern geographic and altitudinal distributions, we hypothesize that the
presence of Pupilla muscorum and Columella
columella alticola at Nelson-Wittenberg implies
cooler or more equable temperatures (i.e., a
lack of extremes, especially hot summer temperature) than those existing today. Although
Black Hills climates are fairly mild today compared to the surrounding plains, temperature
extremes are not uncommon (Froiland 1990).
By themselves, mollusks from Nelson-Wittenberg do not support (or refute) previous
environmental interpretations for the southern
Black Hills during the Pleistocene (see discussion above). The presence of Columella columella alticola and Vertigo spp. suggests that a
fairly well-vegetated area (possibly a wet
meadow or woodland) was nearby, whether at
or adjacent to a spring. The mollusks do appear
to indicate cooler, possibly more equable, regional climates and a greater number of local
mesic microhabitats. Such an interpretation
fits a pattern seen in the paleoenvironmental
records from Agate Basin and Lange-Ferguson
(Evanoff 1982, Martin 1987). Although these
sites are not chronologically equivalent to our
data sets, they indicate the presence of (at
least) a higher number of localized mesic areas
in or near the Black Hills during the Pleistocene. When the mollusks are compared with
small mammal species from Nelson-Wittenberg for the purpose of paleoenvironmental
interpretation, some unique differences are
evident.
The presence of Lemmiscus curtatus
(NAUQSP 11629) at Nelson-Wittenberg is
notable given our fossil mollusk-based hypothesis of a more vegetated, moist locality (relative to modern). The closest extant population
of sagebrush vole is distributed north and west
of the locality by approximately 200–240 km.
Sagebrush voles inhabit temperate-arid, shrub-
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steppe habitat from northwestern South Dakota
to northern Colorado, eastern California, and
southern Canada (Jones et al. 1985). The presence of sagebrush voles in the southern Black
Hills during the Pleistocene is consistent with
the previous interpretations of a shrub-steppe
environment discussed by Mead et al. (1994)
and others mentioned above. Shrub-steppe
environments may have surrounded the moister
and possibly more vegetated spring area at
Nelson-Wittenberg. There appears to be some
disparity between molluscan and mammalian
environmental indicators at Nelson-Wittenberg. These differences suggest the presence
of a mosaic of communities or microhabitats
for the Pleistocene in the southern Black Hills,
much in the same way that the modern Red
Valley is predominantly grassland with interspersed riparian and ponderosa pine microhabitats. The presence of extralimital, borealadapted molluscan species may reflect the
presence of a localized woodland or wet
meadow community (spring discharge-based)
interspersed with a regional shrub-steppe
community as indicated by Lemmiscus and
other regional studies.
Paleoenvironmental indicators for the southern Black Hills during the Late Pleistocene
hint at a more equable climate. The recovery
of taxa typically associated with more boreal
or northern habitats indicates some changes in
local environments from the Pleistocene to
recent. Certain species (e.g., Columella columella alticola, Pupilla muscorum) may not
have been able to adapt to changes in the
southern Black Hills environment through the
Pleistocene/Holocene transition. The altithermal (8000 yr B.P. to 4500 yr B.P.) in the Red
Valley of the southern Black Hills was shown
to be characterized by much different climatic
conditions than the Pleistocene (Fredlund
1996). Presently, however, subtle local-level
changes in the southern Black Hills environment and malacofauna do not appear as drastic
as seen in other areas of the Great Plains.
When compared with other Late Pleistocene malacofaunas, one unique aspect of
Mammoth Site and Nelson-Wittenberg Site
mollusk assemblages is their overall similarity
to the modern molluscan fauna of the Black
Hills (Table 1). Both localities indicate that a
portion of the extant Black Hills molluscan
fauna may have been established by at least
the Late Pleistocene, during a glacial climatic
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phase. The majority of species recovered from
fossil deposits in the southern Black Hills are
still extant in the region today (Table 1). This
is in stark contrast to other localities in the
Great Plains where Pleistocene mollusk diversity was greater and representative of more
biogeographic heterogeneity than modern
(Baker et al. 1986, Frest and Dickson 1986).
Whether this will be a consistent trend in the
Black Hills or simply an artifact of sampling is
presently unknown.
CONCLUSIONS
The assemblages under consideration are
distinct from one another in time and character. Neither locality contains a long stratigraphic record, and both appear to have short
depositional histories. The Mammoth Site molluscan fauna is indicative of a unique local
microhabitat. Recovered mollusks are predominantly aquatic, indicating abundant water.
The Nelson-Wittenberg mollusks, along with
recovered mammalian species, provide a further glimpse into Pleistocene environments in
the Black Hills. Recovered mollusk taxa suggest cooler or more equable temperatures
than modern. Based on the recovery of extralimital (Columella collumella alticola) and extralocal (Vertigo modesta) taxa, a wet meadow or
woodland is inferred for portions of the southern Black Hills at approximately 37,900 yr B.P.
Remains of sagebrush vole indicate shrubsteppe in areas of the Red Valley. Together,
Pleistocene mollusks and mammals suggest a
slightly different mosaic of communities than
occurs in the southern Black Hills today.
Future studies may provide greater accuracy in depicting long-term environmental
and climatic changes or lack thereof. Additional molluscan records from the region will
help further clarify small-scale environmental
change (microhabitat-level) from large-scale
patterns of paleoenvironmental change or stasis. Presently, the lack of reliable, stratigraphically continuous records prohibits any interpretation beyond a localized, site-by-site basis.
As localities of different ages are identified,
the faunal record of the Black Hills will become
more useful in answering questions about
long-term paleoenvironmental change.
The validity of our hypothesis of “cooler”
or more equable temperatures depends entirely on the influence of specific ecological factors
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in controlling the distribution of C. c. alticola
and P. muscorum in North America. More
research on the physical and biotic factors that
control mollusk distributions is sorely needed.
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DOES THE PRESENCE OF WYETHIA MOLLIS AFFECT GROWTH
OF PINUS JEFFREYI SEEDLINGS?
G.M. Riegel1, T.J. Svejcar2, and M.D. Busse3
ABSTRACT.—Regeneration of Pinus jeffreyi in the Sierra Nevada is often limited on sites dominated by Wyethia mollis. Allelopathic chemicals and competition for soil moisture have been suggested as possible mechanisms for limiting
regeneration. We tested the hypothesis that soil chemical and microbial properties from sites in different stages of succession influence seedling growth of Pinus jeffreyi. Soil was collected from an early-seral site dominated by Wyethia
mollis, a mid-seral site dominated by the shrubs Arctostaphylos patula, Ceanothus prostratus, C. velutinus, and Purshia
tridentata, and a late-seral site dominated by mature Pinus. These sites were compared for nutrient content, Pinus
seedling growth capacity, and microbial population size. Soil (0–33 cm) from the early-seral site had the lowest C, microbial biomass, and fungal and bacterial populations. There were no consistent trends in soil nutrient content among sites.
The early-seral site had the lowest soil Ca and Mg contents but also had a lower C/N ratio and more than twofold
greater P content than either the mid- or late-seral site. Pinus seedling growth and foliar nutrient concentrations were
compared at 3 harvest dates (220, 314, and 417 days after germination) in a greenhouse bioassay. The treatment design
was a 3 × 2 factorial with soil from each of the 3 sites either with or without Pinus seedlings. Pots without seedlings were
used as controls to assess the effects of seedlings on microbial biomass. Seedling growth in the early-seral soil was initially suppressed in comparison to growth in the mid-seral soil, but by the final harvest total seedling weight was similar
between these 2 treatments. The most obvious treatment effect was a reduction in growth for seedlings planted in lateseral soil, probably due to a nutrient imbalance in the soil. Seedlings grown in late-seral soil had Fe and Al levels that
were nearly twice those of seedlings grown in early- and mid-seral soils. Microbial biomass followed a temporal pattern
similar to that found for seedling growth. Differences in microbial biomass between the early- and mid-seral soils,
although initially large, were not detected by the final harvest. We interpret these results to indicate that allelopathy or
soil nutrient deficiencies resulting from the presence of Wyethia are unlikely to be responsible for limited growth of
Pinus seedlings in Wyethia-dominated stands.
Key words: allelopathy, Wyethia mollis, Pinus jeffreyi, succession, forest regeneration, seedling growth, foliar nutrients, soil chemical, soil microbial biomass.

In the eastern slopes of the Sierra Nevada,
regeneration of Pinus jeffreyi is often limited
on sites dominated by Wyethia mollis (YoderWilliams and Parker 1987, Parker and YoderWilliams 1989, Williams 1995). Wyethia occurs
as an understory species of pine forests (P. jeffreyi, P. ponderosa, and P. washoensis) east of
the Cascade Range from south central Oregon
and northeastern California through the eastern Sierra Nevada of California and Nevada
(Hopkins 1979, Riegel 1982, Smith 1994,
Sawyer and Keeler-Wolf 1995), as an associate
species in the montane and subalpine Artemisia steppe throughout this range (Cronquist
1994), and as isolated populations in central
Nevada (Kartesz 1988). An herbaceous, disturbance-adapted, long-lived perennial (>50
years) with a deep taproot and fleshy resinous

foliage, Wyethia was most likely an early successional plant with low frequency and cover
prior to European arrival (Young and Evans
1979, Williams 1995). Effective suppression
and exclusion of fire since the early 1930s
have resulted in increased fuel loading and
higher forest stand densities (Agee 1993). As a
result, wildfires now burn with greater severity
and intensity than the frequent, presuppression fires (3–20 years) and provide Wyethia
with a competitive edge for expansion and
dominance (Rundel et al. 1977, Agee 1993,
Barbour and Minnich 2000). Heavy livestock
grazing of palatable plants from 1860 to the
1930s, primarily by sheep, also resulted in
increased Wyethia abundance (Coville 1898,
Kennedy and Doten 1901, Leiberg 1902, USDA
Forest Service 1937, Olmstead 1957). By the

1USDA Agricultural Research Service, 920 Valley Road, Reno, NV 89512. Present address: USDA Forest Service, Pacific Northwest Region, Area Ecology
Program, 1645 NE Highway 20, Bend, OR 97701.
2USDA Agricultural Research Service, HC 71 4.51 Highway 205, Burns, OR 97720.
3USDA Forest Service, Pacific Southwest Research Station, 2400 Washington Ave., Redding, CA 96601.
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end of the 19th century, Coville (1897) described Wyethia as being “abundant” in south
central Oregon where the Klamath Indians
had traditionally used the mashed roots as a
poultice to control swelling. Wyethia continues to dominate sites in Lassen National Park
that have been excluded from livestock grazing for more than 80 years (Oswald et al.
1995).
Though there are many pathways succession can take following disturbance in pine
forests, a generalized summary includes (1)
early seral: Wyethia dominance with associated herbaceous species and some conifer regeneration; (2) mid-seral: Arctostaphylos patula,
Ceanothus prostratus, C. velutinus, and Purshia
tridentata shrub dominance with pole-sized
conifers; (3) and late seral: conifer dominance
with some shade-tolerant herbs and shrubs.
Wyethia-dominated sites may suppress succession to mid-seral conifer regeneration for
up to 100 years (Kennedy and Doten 1901,
Evanko 1951, Parker and Yoder-Williams 1989)
and can persist in the understory of mid- and
late-seral Pinus jeffreyi overstories as an infrequent, low-cover (<5%) associate (Smith 1994).
Shrub dominance in the mid-seral phase
should increase the soil nutrient capital with
time between fire and logging disturbance
intervals that temporarily reduce the cover of
N-fixing shrubs, Ceanothus and Purshia (Conard et al. 1985, Johnson 1995, Busse et al. 1996,
Busse 2000a, 2000b).
Parker and Yoder-Williams (1989) proposed
2 hypotheses to explain the dominance of
Wyethia: (1) allelopathy and (2) competition
for water. However, the precise mechanism(s)
responsible for poor regeneration on sites
dominated by Wyethia remains unclear. After
a forest is removed through fire or logging, the
developing shrub and herbaceous understory
often suppresses conifer regeneration as a
result of competition for soil moisture (Conard
and Radosevich 1981, 1982, McDonald 1983a,
Lanini and Radosevich 1986, Shainsky and
Radosevich 1986, Parker and Yoder-Williams
1989). Water-extractable allelochemicals from
Wyethia have also been suggested as an additional factor suppressing Pinus jeffreyi regeneration (Heisey and Delwiche 1983, YoderWilliams and Parker 1987, Parker and YoderWilliams 1989, Williams 1995). Yoder-Williams
and Parker (1987) hypothesized that Wyethia
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tissue leachates exhibited an allelopathic effect
on Pinus seedlings. In a field bioassay Wyethia
litter inhibited germination and reduced radicle elongation of Pinus seedlings. Allelopathy
is thought to depress germination and early
growth by inhibiting cell division and elongation, disrupting membrane regulation, nutrient uptake, respiration, and photosynthesis
(Rice 1984). However, allelopathy can be difficult to demonstrate and remains controversial
(Harper 1977, Radosevich and Holt 1984,
Kelsey and Everett 1995, Dakshini et al. 1999).
Depression of biomass production may be
caused by leaf extracts other than allelochemicals. For example, plant litter high in labile C,
particularly carbohydrates, may enhance soil
microbial growth and result in increased nutrient immobilization and decreased plant growth
(Michelsen et al. 1995).
In this study we tested the hypothesis that
Pinus jeffreyi seedling growth is limited due to
the presence of Wyethia in early-seral sites.
Soils and litter were collected from early-seral
(Wyethia-dominated), mid-seral (shrub-dominated), and late-seral (depauperate understory
with mature Pinus overstory) sites and used as
growth media for greenhouse-grown Pinus
seedlings.
METHODS
Study Area
The study area (39°53′N, 120°25′W) is 9.7
km northeast of Beckwourth, Plumas County,
in the northern Sierra Nevada of California.
Precipitation at nearby Clover Valley averaged
903 mm per year (s = 342) from 1959 through
1991, approximately 85% of which was in the
form of snow falling in the months of November through March (State of California, Resources Agency, Department of Water Resources, personal communication, 1993). Soils
are loamy-skeletal, mixed, frigid Ultic Agrixerolls (Sattley Family). They are moderately to
well drained and formed from weathered
andesitic tuff breccia (USDA Forest Service
1988). Horizon development includes a gravelly loam A1 (0–7.6 cm), a very cobbly loam
A2 (7.6–20.3 cm), a cobbly loam Bt1 (20.3–
33.0 cm), and a very cobbly clay loam Bt2
(33.0–117 cm) above bedrock.
We selected 3 sites within a Pinus jeffreyi
forest type (Sawyer and Keeler-Wolf 1995):
(1) early-seral site with Wyethia-dominated
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understory, (2) mid-seral, shrub-dominated
stand, and (3) late-seral, Pinus-dominated stand.
The sites have similar elevation (1829 m) and
slope (0–3%), and are within 2.4 km of each
other in Crocker Creek drainage. Wyethia is
found in or adjacent to every site with a Pinus
overstory. The early-seral site is dominated by
Wyethia with scattered Artemisia tridentata
ssp. vaseyana, Lithophragma parviflorum, Collinsia parviflora, and Paeonia brownii; the
mid-seral shrub site is dominated by Arctostaphylos patula, Ceanothus prostratus, C. velutinus, Purshia tridentata, Elymus elymoides (=
Sitanion hystrix), Poa fendleriana, and Lupinus
spp.; and the late-seral site has a very depauperate understory with scattered Symphoricarpos rotundifolius, Rosa woodsii, Hydrophyllum capitatum, Vicia americana, and Sarcodes sanguinea, an obligate mycotroph. Pinus
dominates the overstory at all sites with increasing amounts of Calocedrus decurrens and Abies
concolor found at the mid- and late-seral sites.
Vascular plant nomenclature and taxonomy
follow Hickman (1993).
Pinus diameter and age distribution by site
within a 0.10-ha plot were as follows: earlyseral mean DBH = 41.6 cm, sx– = 6.93 cm,
age <50 years (n = 9); mid-seral mean DBH
= 59.0 cm, sx– = 6.55 cm, age 60–100 years (n
= 9); and late-seral mean DBH = 88.3 cm, sx–
= 16.95 cm, and age 100–226 years (n = 4).
Ocular estimates of Wyethia canopy cover by
site within the 0.10-ha plot were early-seral
40%, mid-seral 10%, and late-seral 5%.
Soil Properties
Four replicate soil samples were collected
randomly at each site on 29 May 1990 from
the A1, A2, and Bt1 horizons, transported to
greenhouses in Reno, Nevada, and sieved (<2
mm) prior to nutrient analyses. Organic matter
was determined by weight loss on ignition
(Nelson and Sommers 1982) and converted to
organic C by dividing weight loss by 1.742.
The maximum furnace temperature was 400°C
to avoid loss of clay-bound H2O. Total N was
determined with a continuous flow analyzer
following Kjeldahl digestion (Bremner and
Mulvaney 1982). Extractable P was determined
by dilute acid fluoride extraction (Olsen and
Sommers 1982). Microbial biomass was determined by the chloroform-fumigation-incubation method ( Jenkinson and Powlson 1976).
Additional soil samples (triplicate) were col-
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lected from the A1 horizon at each site on 8
June 1990, and culturable bacteria (grown on
1/10 strength tryptic soy agar) and fungi (grown
on malt extract agar) were enumerated within
48 hours of collection.
Greenhouse Experiment
The experiment was a completely randomized block design with 6 treatments, 3 harvest
dates, and 10 replications. Treatment design
was a 3 × 2 factorial, with soil from the 3 sites
in combination with 2 vegetation treatments:
(1) soil from early-seral, Wyethia-dominated
site + Pinus; (2) soil from mid-seral, shrubdominated site + Pinus; (3) soil from lateseral, Pinus-dominated site + Pinus; (4) soil
from Wyethia-dominated site without Pinus;
(5) soil from mid-seral, shrub-dominated site
without Pinus; and (6) soil from late-seral,
Pinus-dominated site without Pinus. Treatments receiving no seedlings were included as
controls to determine whether Pinus root proliferation counteracts the effect of Wyethia
allelochemicals on soil biota. To avoid potential microclimatic effects, we placed the pots
on the greenhouse bench and randomly
assigned them to each replication by block.
The 4 replicate A1 horizons were bulked by
site (early-, mid-, and late-seral), and 4 Pinus
jeffreyi seeds were placed in each pot filled on
19 June 1990. Pinus seeds, which were collected in the Toiyabe National Forest at 1982 m
in 1988, were stored dry (8% humidity) prior
to a 30-day stratification at 1°C (R. Walker, University of Nevada, Reno). Pot volume was
2625 cm3 and height was 15 cm.
Pots were watered until the first sign of
drainage: daily the 1st week, every other day
the 2nd week, and twice weekly thereafter.
Plants were thinned to 2 per pot on day 56 (13
August) and eventually to 1 per pot on day 71
(28 August).
We collected current-year litter from each
site, and 10 g (dry weight equivalent which
approximated the volume/weight ratio found
in the field) was placed on the soil surface in
each pot on day 71 (28 August) after germination. Litter at each site varied in species composition and spatial distribution. Wyethia litter
was collected from the early-seral site; Arctostaphylos, Ceanothus velutinus, and Purshia
litter from the mid-seral site; and Pinus litter
from the late-seral site. Throughout the experiment we added new litter monthly (~2.5 g) to
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TABLE 1. Selected chemical and microbial properties of mineral soil from the early-, mid-, and late-seral field sites.
error (n = 4) except for viable counts (n = 3). Different lowercase letters within a column and horizon indicate signifiHorizon

Site

pH

C

N

C/N

- - - - - g kg–1 - - - - -

P

K

Ca

Mg

mg kg–1

- - - - - - - - - cmolc kg–1 - - - - - - -

A1

Early-seral
Mid-seral
Late-seral

6.3 (0.1)a
6.4 (0.2)a
6.5 (0.1)a

33 (2)b
47 (3)a
38 (4)ab

1.7 (0.1)a
1.5 (0.2)a
1.4 (0.2)a

19 (1)b
34 (5)a
27 (1)ab

83 (11)a
35 (8)b
33 (3)b

1.8 (0.1)a
2.3 (0.2)a
2.3 (0.2)a

16 (1)b
25 (1)a
18 (1)b

3.0 (0.2)c
4.8 (0.3)b
5.8 (0.2)a

A2

Early-seral
Mid-seral
Late-seral

6.2 (0.1)b
6.4 (0.1)ab
6.5 (0.2)b

28 (2)a
30 (2)a
31 (2)a

1.5 (0.1)a
0.8 (0.1)c
1.1 (0.1)b

19 (1)c
37 (1)a
29 (1)b

60 (12)a
17 (2)b
19 (2)b

1.9 (0.1)a
1.5 (0.1)b
2.0 (0.1)a

17 (1)b
22 (1)a
19 (2)b

2.9 (0.1)c
4.5 (0.3)b
5.4 (0.3)a

Bt1

Early-seral
Mid-seral
Late-seral

6.2 (0.1)a
6.3 (0.1)a
6.5 (0.1)a

26 (1)a
31 (3)a
34 (1)a

1.2 (0.1)a
0.7 (0.1)b
1.1 (0.1)a

21 (1)c
45 (2)a
31 (1)b

26 (8)a
12 (1)b
10 (4)b

2.0 (0.2)a
1.2 (0.1)b
1.9 (0.1)a

18 (1)b
22 (1)a
19 (1)b

3.1 (0.1)b
4.6 (0.2)a
5.2 (0.2)a

each pot. Plants were harvested on 25 January,
24 May, and 4 September 1991.
Mineral soil (50 g) was collected at each
harvest and tested for microbial biomass. After
washing soil from the Pinus seedlings, we separated them into aboveground and belowground components. The samples were dried
at 60°C for 48 hours and weighed. Needles
were collected from the aboveground fraction
and analyzed for nutrient content. Nitrogen
content was measured by Kjeldahl analysis
(Bremner and Mulvaney 1982), and other
nutrients were measured with an ICP spectrophotometer (Issac and Johnson 1985) using
a nitric acid digest (Zarcinas et al. 1987).
Data were analyzed with the General Linear Models procedure in SAS (SAS Institute
Inc. 1990). Mean separations were conducted
with the Waller-Duncan test at the P ≤ 0.05
level.
RESULTS
Soil Properties
Several differences in soil organic matter,
nutrient status, and microbial characteristics
were found between sites. The early-seral
site had the shallowest mean O horizon depth
(early-seral = 1.85 cm (sx– = 0.47 cm); midseral = 3.78 cm (sx– = 0.72 cm); late-seral =
4.30 cm (sx– = 0.71 cm), in addition to the lowest C, Ca, and Mg contents at each mineral
soil depth (Table 1). The trend of lower nutrient status at the Wyethia-dominated, earlyseral site was not consistent, however. Phosphorus content was two- to threefold greater,

and C/N ratios were lower at the early-seral
site compared to the mid- or late-seral sites.
Microbial biomass and viable bacterial and
fungal populations in the upper horizon were
lowest at the early-seral site and highest at the
shrub-dominated, mid-seral site. Despite a
smaller biomass, the microbial population at
the early-seral site had the highest C utilization
efficiency among the 3 sites, as shown by
lower qCO2 values (CO2 respired per unit biomass; Table 1).
Greenhouse Study
PLANT BIOMASS.—There were no significant
differences in Pinus germination between
treatments, as nearly 95% of all seeds germinated. Pinus seedlings accumulated more total
mass when grown in soil from the mid-seral
site than from the late-seral site, but were not
greater in total mass than the early-seral,
Wyethia-dominated site at the 1st harvest (Table
2). By the 2nd harvest the ranking for total
plant mass was mid-seral > early-seral > lateseral. There was no difference in total weight
of Pinus seedlings at the final harvest between
mid-seral and early-seral treatments, but both
were greater than the late-seral treatment.
Root and shoot weights followed similar
trends (Table 2).
FOLIAR NUTRIENT CONCENTRATION.—There
were no significant differences between treatment sites in foliar N, P, K, or Na (Table 3).
Micronutrients were generally found in lowest
concentrations in foliage from the mid-seral
treatment (Table 3). Seedlings grown in soil
from the late-seral site had higher levels of
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Depth of the upper horizons: A1 = 0–7.6 cm; A2 = 7.6–20 cm; Bt1 = 20–33 cm. Values in parentheses are standard
cant differences (P < 0.05) between sites.
Microbial
biomass

Cmicro /Ctotal

mg kg–1

%

688 (76)b
1217 (93)a
888 (64)b

2.1 (0.2)a
2.6 (0.3)a
2.4 (0.2)a

0.21 (0.03)b
0.38 (0.02)a
0.35 (0.02)a

545 (98)a
740 (90)a
691 (41)a

1.9 (0.4)a
2.3 (0.2)a
2.1 (0.1)a

0.23 (0.01)b
0.31 (0.06)a
0.37 (0.03)a

406 (86)a
557 (81)a
603 (17)a

1.6 (0.3)a
1.9 (0.3)a
1.8 (0.1)a

0.22 (0.02)b
0.31 (0.03)a
0.31 (0.08)a

qCO2

Viable counts
___________________________
Bacteria
Fungi
- - - - - - - - × 106 g –1 - - - - - - - -

Mg, Fe, and Al than the other treatments. Iron
and Al concentrations were nearly twice those
of the early- and mid-seral treatments.
SOIL MICROBIAL BIOMASS.—The temporal
response of microbial biomass was similar to
the pattern for total seedling growth. Microbial biomass was greatest for the mid-seral
treatment at the 1st and 2nd harvest (Table 4).
By the final harvest, the early- and mid-seral
treatments had comparable microbial biomass,
and both were significantly greater than the
late-seral treatment. Root proliferation had little effect on microbial biomass; soils with or
without seedlings had the same microbial biomass at the 2nd harvest. A slight increase was
found for soils without seedlings by the final
harvest, although the relative trend between
sites (mid-seral = early-seral > late-seral) was
consistent, regardless of presence or absence
of seedlings.
DISCUSSION
We initially hypothesized that Pinus jeffreyi
seedlings grown in soil from early-seral sites
dominated by Wyethia mollis would produce
less total plant mass than seedlings grown in
soil from the shrub-dominated, mid-seral site.
The basis for this hypothesis was potential
allelopathic effects of Wyethia (Yoder-Williams
and Parker 1987) and superior nutrient status
at the mid-seral site due to the beneficial
effects of nitrogen-fixing shrubs (Conard et al.
1985, Johnson 1995, Busse et al. 1996, Busse
2000a, 2000b) and other microbial processes
purportedly associated with shrub-dominated
sites (Amaranthus and Perry 1987, 1989, Perry

9.6 (0.1)c
18.3 (3.0)a
12.0 (0.1)b

0.3 (0.1)c
2.0 (0.3)a
1.3 (0.1)b

et al. 1989, 1992, Amaranthus et al. 1990,
Borchers and Perry 1990). Results from this
greenhouse study showed that seedling growth
in soil from the early-seral site was indeed
lower than that of the mid-seral site during
the 1st and 2nd harvests. By the 3rd harvest,
however, differences between the 2 treatments
were not significant. Thus, any nutrient limitations or allelopathic effects of Wyethia occurred
only during the initial growth phase following
germination and had no long-term effect on
seedling growth.
Leaves of Wyethia contain both waterextractable and volatile allelochemicals when
collected soon after total leaf expansion in midto late spring (Heisey and Delwiche 1983).
These compounds include linoleic acid, isoflavones, lanostene-type triterpenes, and some nalkalines (Waddell et al. 1982). Soil and litter
were collected for the greenhouse study in
late spring specifically for this reason, to approximate the period of maximum leaf expansion
and allelochemical concentrations in Wyethia
leaves. Below-average precipitation in the
year prior to soil collection may have also contributed to higher concentrations of allelochemicals due to limited leaching losses. Given
these optimum conditions for allelochemicals,
the lack of a sustained reduction in Pinus seedling growth in the Wyethia-dominated soil
suggests an unlikely role of allelopathy by
Wyethia in the early growth of Pinus, at least
via allelochemicals stored in the soils. Other
bioassays have shown that fresh Wyethia leaves
are inhibitory to germination of Bromus mollis,
Hordeum vulgare, and Lactuca spp. (Heisey
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TABLE 2. Total, shoot, and root dry mass of Pinus jeffreyi seedlings grown in soils from early-, mid-, and late-seral
sites. Different lowercase letters within a row indicate significant differences (P < 0.05) between sites.
Days from
sowing

Total plant mass (g)
________________________
EarlyMidLate-

Shoot mass (g)
________________________
EarlyMidLate-

Root mass (g)
________________________
EarlyMidLate-

220
314
417

2.01ab
7.80b
15.07a

0.68ab
4.38a
6.52a

1.33ab
3.42b
8.55a

2.45a
9.71a
15.72a

1.68b
6.31c
11.36b

0.82a
4.77a
6.14a

0.61b
3.46b
4.43b

1.63a
4.94a
9.58a

1.10b
2.85c
6.93b

TABLE 3. Foliar nutrient concentration of Pinus jeffreyi seedlings at 417 days after sowing. The seedlings were grown
in soils from early-, mid-, or late-seral sites. Different lowercase letters within a column indicate significant differences
(P < 0.05) between sites.
Site

N

P

K

- - - - - - - - - - - - mg
Early-seral
Mid-seral
Late-seral

8.56
10.02
8.78

1.93
1.87
1.75

Ca
g–1

6.94
6.77
7.10

Mg

Mn

----------3.83b
4.96a
4.05b

Fe

Zn

Al

- - - - - - - - - - - - - - - - - µg

1.47b
1.53b
1.88a

160a
88b
137a

33b
33b
60a

96a
71b
77b

g–1

60b
45b
104a

B

Cu

Na

----------------31b
33ab
37a

4.9a
4.3b
4.7ab

37
50
34

TABLE 4. Microbial biomass (mg C kg–1 soil) from the early-, mid-, and late-seral sites. Values are compared for pots
with and without seedlings in order to separate the influence of seedling roots from site effects. Different lowercase letters within a row for with seedlings or without seedlings indicate significant differences (P < 0.05) between sites.
Days from
sowing
220
314
417

With seedlings
_______________________________
EarlyMidLate675b
732b
783a

913a
875a
799a

591b
517c
523b

and Delwiche 1983, Yoder-Williams and Parker
1987). Yoder-Williams and Parker (1987) found
reduced germination of Pinus jeffreyi seeds
that overwintered beneath Wyethia litter. In
contrast, we found no evidence of allelopathic
inhibition of seed germination in soil from the
Wyethia-dominated site. Germination of Pinus
seeds was near 95% in our pot study, regardless of soil origin. Williams (1995) suggested
that direct interference by Wyethia is observed
as an allelopathic effect on germinating Pinus
seed in spring and in soil moisture utilization
in late summer. These interacting processes
may be moderated during years of above-average precipitation by leaching allelochemicals
and increased soil moisture availability.
Allelopathic inhibition from water-soluble
leachates of Arctostaphylos and Ceanothus
velutinus leaf litter has also been implicated in
laboratory bioassays. Reduced radicle elongation of Bromus tectorum, Hordeum vulgare
(del Moral and Cates 1971), Cucumis sativus,
Pseudotsuga menziesii (Tinnin and Kirkpatrick

Without seedlings
_______________________________
EarlyMidLate348b
740b
858ab

504a
859a
928a

392b
513c
637b

1985), and Abies concolor (Conard 1985) was
reported in soil-free bioassays. However, no
inhibitory effect of litter leachates was found
by Tinnin and Kirkpatrick (1985) when soil
was used as the growth medium. It is doubtful, therefore, that litter from these shrubs
suppressed growth of Pinus in the mid-seral
treatment of our experiment.
We had anticipated an improved soil nutrient status, particularly soil N, at the shrubdominated site (mid-seral) compared to the
early-seral site due to the N fixation from actinorhizal symbionts associated with Ceanothus
prostratus, C. velutinus (Delwiche et al. 1965,
Conard et al. 1985, Busse 2000a, 2000b), and
Purshia tridentata (Webster et al. 1967, Busse
2000a, 2000b). Annual N fixation in forests
east of the Sierra Nevada and Cascade Range
crest varies from 5 to 15 kg ha–1 for C. velutinus and 1 kg ha–1 for C. prostratus and Purshia
tridentata (Busse 2000a, 2000b). Busse et al.
(1996) found increased soil C, N, and microbial
biomass in the upper horizon of a ponderosa
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pine forest due to long-term retention of
shrubs. The shrub species in their study were
the same as those found at the mid-seral site
(Ceanothus velutinus, Purshia tridentata, and
Arctostaphylos patula). Johnson (1995) also
found improved soil N status at pine sites with
a dominance of C. velutinus. Results from our
study indicate that the shrub-dominated site
had greater soil C and microbial biomass, but
slightly lower N than the early-seral site. Site
differences in soil P, Ca, Mg, and microbial
characteristics had no measurable effect on
seedling growth in the greenhouse bioassay,
however. Without knowing cover, density, and
duration of site occupancy of N-fixing shrubs,
it is difficult to interpret and compare the
results between other studies and ours.
The most striking effect we measured was a
reduction in seedling mass for the Pinus-dominated, late-seral treatment. Although the
mechanism(s) responsible for this observation
is unclear, high Al and Fe concentrations in
foliage from the late-seral treatment suggest
either potential metal toxicity or nutrient imbalance. Pinus litter has also been shown to
have allelopathic effects on plant growth (Lodhi
and Killingbeck 1980, 1982). It is not uncommon to find the area below large Pinus trees to
have few species with low density and aboveground biomass. There is often a thick needle
layer below large Pinus trees that may serve as
a physical barrier to seed/soil contact for many
species. Pinus litter generally has a high C/N
value (Hart et al. 1992), which can limit N
availability. We found no evidence to support
this mechanism, however. Soil from the lateseral site had a lower C/N ratio than soil from
the mid-seral site, and no significant differences in foliar N concentrations were found
between treatments in the greenhouse bioassay. Bever (1994) suggested that repeated
planting of a single species (analogous to the
limited species diversity of the late-seral site)
may suppress plant growth due to negative
feedback from soil biota or accumulations of
specific pathogens, and/or change in composition of the community of mutalists. Root pathogens were not observed in our short-term
bioassay or in our field-collection sites. However, Wyethia-dominated understories in Pinus
ponderosa in south central Oregon are associated with higher rates of mortality of 10- to
30-year Pinus regeneration from Heterobasidium annosum root disease centered around old
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(late-seral) Pinus stumps (Hopkins et al. 1988).
The discrepancy between our findings and
observations from the field suggests that factors other than allelochemicals or soil nutrients per se limit regeneration of Pinus on
Wyethia-dominated sites. Succession may be
influenced by competition for soil moisture
and changes in microclimate (Tilman and Wedin
1991, De Pietri 1992). Previous research has
shown that soil moisture availability on shrubdominated sites can be significantly greater
than on Wyethia-dominated sites during the
latter part of the growing season (Williams
1995). The shrub species associated with the
mid-seral stage compete with establishing
conifers for light, water, and nutrients (Conard
and Radosevich 1981, 1982, McDonald 1983a,
1983b, Roy 1983, Radosevich 1984, Shainsky
and Radosevich 1986). A shrub canopy also
provides a shaded microenvironment, however, that reduces evaporative demand and
improves the water balance of trees, which
may be less physiologically stressful than competition for soil resources on hot, dry sites
(Conard and Radosevich 1982, Lanini and
Radosevich 1986).
In conclusion, we could find only limited
evidence that allelochemicals from Wyethia
might suppress growth of Pinus seedlings.
There was an initial reduction in growth of
seedlings in early- versus mid-seral soils, but
after 417 days of growth the 2 treatments were
similar. The more obvious response was the
reduction in seedling growth associated with
the late-seral, Pinus-dominated soil. We suggest that research into the relationship of
microclimate and plant-soil water relations,
and an examination of the community composition of soil biota, may aid in explaining the
pattern of regeneration of Pinus jeffreyi. This
information, coupled with an increased understanding of larger scale climate effects (e.g.,
increased atmospheric temperature and
drought cycles), may further our knowledge of
the complex interactions involved in succession of Wyethia-dominated seral stages within
western pine forests.
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MOVEMENTS AND HOME RANGES OF SAN JOAQUIN KIT FOXES
(VULPES MACROTIS MUTICA)
RELATIVE TO OIL-FIELD DEVELOPMENT
Bruce W. Zoellick1,2, Charles E. Harris1,3, Brian T. Kelly1,4, Thomas P. O’Farrell1,5,
Thomas T. Kato1,6, and Marni E. Koopman7,8
ABSTRACT.—We examined the effect of oil-field development on movements and patterns of spatial use of San
Joaquin kit foxes (Vulpes macrotis mutica) on the Naval Petroleum Reserves in California (NPRC) in the San Joaquin
Valley. To do this, we compared movements and home ranges of kit foxes from June 1984 to September 1985 in areas
developed for petroleum production (30% of native habitat lost to production facilities) and areas with little development (3%). Distances traveled nightly by kit foxes did not differ between levels of petroleum development or between
sexes (P > 0.2). Mean length of nightly movements during breeding (14.6 km) was longer than during pup-rearing (10.7
km) and pup-dispersal (9.4 km) periods (P = 0.01). Mean size of home ranges was 4.6 ± 0.4 (sx–) km2 (n = 21) and did not
differ between levels of petroleum development and sexes (P > 0.2). Overlap of home ranges of foxes from the same
social group (78 ± 4.3%) was greater than that of same-sex foxes (35 ± 7.8%) and males and females of different social
groups (32 ± 8.0%, P < 0.01). Overlap of home ranges did not differ between kit foxes inhabiting developed and undeveloped areas (P > 0.4). Despite extensive overlap of home ranges, kit foxes on NPRC maintained relatively exclusive
core areas, particularly adjacent foxes of the same sex. Future studies should examine which levels of habitat conversion
impact spatial use of kit foxes.
Key words: San Joaquin kit fox, Vulpes macrotis mutica, home range, movements, spatial organization, oil-field development, San Joaquin Valley.

San Joaquin kit foxes (Vulpes macrotis
mutica) inhabit the Naval Petroleum Reserves
of California (NPRC), an area of intensive
petroleum exploration and production in the
San Joaquin Valley. Since 1979 the effects of
oil-field development on kit foxes have been
investigated to identify and minimize adverse
impacts to kit foxes and to ensure their continued existence on the NPRC. Oil-field development may affect patterns of space use of kit
foxes, including overlap and size of home ranges
and use of habitats.
Size of home ranges is influenced by body
size and resulting energetic needs (McNab
1963, Harestad and Bunnell 1979, Gittleman
and Harvey 1982), but home-range size can be
affected by food availability (Harestad and
Bunnell 1979). Other studies indicate that size
of home ranges of kit foxes (White and Ralls
1993) and red foxes (Vulpes vulpes; Macdonald
1981) is not influenced by temporary changes

in prey availability but may be controlled by
long-term levels of prey biomass.
Spacing patterns of home ranges, however,
may be influenced by short-term changes in
prey abundance (White and Ralls 1993). Harris
(1986) determined that oil-field development
did not affect prey abundance on NPRC, but
development altered local distribution of prey.
In addition to replacing native habitat with
production facilities, development on NPRC
affected habitat composition and likely prey
availability by increasing shrub cover along
roads and pipelines (Warrick and Cypher 1998).
The purpose of this study was to examine
kit fox movements, home range size, and spatial patterns of home ranges in developed and
undeveloped portions of NPRC. Specific objectives were to (1) determine if the length of
nightly movements of kit foxes differed between areas of petroleum development and
undeveloped areas; (2) examine the length of

1EG&G Energy Measurements, Inc., PO Box 127, Tupman, CA 93276.
2Present address: U.S. Bureau of Land Management, Lower Snake River District Office, 3948 Development Avenue, Boise, ID 83705.
3Present address: Idaho Department of Fish and Game, 600 S. Walnut Street, PO Box 25, Boise, ID 83707.
4Present address: U.S. Fish and Wildlife Service, PO Box 1306, Albuquerque, NM 87103-1306.
5Present address: 611 H Avenue, Boulder City, NV 89005.
6Present address: Environmental Protections Division, Lawrence Livermore National Laboratory, PO Box 808, Livermore, CA 94550.
7EASI Endangered Species Program, PO Box 178, Tupman, CA 93276.
8Present address: Department of Zoology and Physiology, University of Wyoming, Laramie, WY 82071.
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movements during breeding, pup-rearing, and
pup-dispersal periods; and (3) examine the
effect of oil-field development on the size and
spatial organization of home ranges of kit
foxes.
STUDY AREA
Located approximately 42 km southwest of
Bakersfield, California, the Naval Petroleum
Reserves encompass the moderately steep
slopes of Elk Hills and Buena Vista Hills,
which are low foothills of the Temblor Range
that extend southeast into the San Joaquin Valley (Fig. 1). The 2 foothills are separated by
Buena Vista Valley. Elevations range from 88
to 473 m above sea level. We studied kit foxes
on 2 areas of NPRC: an area extensively
altered by oil-field development located on
the southwestern slopes of the Buena Vista
Hills and adjacent valley lands (Fig. 1), and an
area primarily unaltered by oil-field development located in Buena Vista Valley and portions of the southwestern slopes of Elk Hills
(Fig. 1).
Thirty percent of the developed study area
is altered by petroleum development (well
pads, sumps, roads, pipelines, pipe storage
yards, and other facilities). The town of Taft
covers approximately 5.1 km2 adjacent to the
developed study area. An average of 3% of
undeveloped study area is altered by oil-field
development (pipelines and roads). Exceptions
are 2 sections (2.6 km2 each) located on the
northeastern edge of the area, of which 37%
and 21% are altered by oil-field facilities (primarily pipe storage yards and well pads). Warrick and Cypher (1998) provide a detailed description of oil-field development on NPRC.
Vegetation of the study areas is dominated
by red brome (Bromus madritensis) and redstemmed filaree (Erodium cicutarium), characteristic of the Valley Grassland vegetation type
(Heady 1977). Desert saltbush (Atriplex polycarpa) is the most common shrub and grows in
dense stands along washes and in disturbed
areas. Other common shrubs include spiny
saltbush (Atriplex spinifera), cheesebush (Hymenoclea salsola), matchweed (Gutierrezia
bracteata), and bladderpod (Isomeris arborea).
Annual weather patterns consist of hot, dry
summers and mild, damp winters. Mean maximum temperatures 42 km east of NPRC in
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Bakersfield, California, are 37°C in July and
14°C in January (National Oceanic and Atmospheric Administration 1995). Mean minimum
temperatures are 20°C in July and 3°C in January. Mean annual precipitation is 12.5 cm,
most (90%) occurring between October and
April.
METHODS
We trapped San Joaquin kit foxes in wiremesh live-traps (38 × 38 × 107 cm) baited with
canned mackerel. Most foxes were trapped
during semiannual trapping sessions in July
1984 and December 1984, conducted to estimate size of the kit fox population on NPRC
(Harris et al. 1987). Additional foxes were
trapped at dens during April–June 1984 and
1985, when we attempted to radio-collar foxes
from all social groups on the study areas. We
weighed, sexed, ear-tagged, and radio-collared
each fox.
Radiotelemetry
We monitored kit foxes from July 1984 to
September 1985. By taking simultaneous bearings from 1 of 4 pairs of fixed-tower receiving
stations (Fig. 1), we triangulated the location
of foxes at night, using the null-signal method.
The receiving stations were located on hilltops
and consisted of two 3-element directional antennas mounted 2 m apart on a 7.6-m-tall mast
and connected to a null junction box and radio
receiver. We located foxes every 15 minutes
during night-long (sunset to sunrise) monitoring sessions. We monitored 10–15 foxes during a session. Foxes in undeveloped habitat
were monitored 4–5 nights (generally 1 night/
week) per month from June to September 1984
and December 1984 to May 1985. Foxes in
developed habitat were monitored 4–5 nights
per month from December 1984 to September
1985 (exceptions were 2 foxes in developed
habitat that were monitored during June–
September 1984 and December 1984–January
1985).
We also located foxes at dens during the day
1–3 times per week, using hand-held antennas. We considered foxes to be paired or belong to the same social group if they frequently shared dens. Foxes that were radio-collared
and occupied adjacent areas, but never shared
dens, were considered to belong to different
social groups.
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Fig. 1. Location of study areas on Naval Petroleum Reserves in California (NPRC) and area map of the location of
NPRC.

To reduce error, triangulated locations composed of bearings intersecting at angles <30°
or >150° were eliminated from all analyses.
We also discarded all outlier locations (those
>2 km from the previous location) identified
from visual inspection of locations obtained
every 15 minutes during night-long monitoring sessions. Using methods of Lee et al. (1985),
we evaluated the accuracy of the radio-tracking system. Bearings taken from towers to surveyed points had standard deviations of 1.0°–
1.7°. We calculated average 95% confidence
ellipse areas for fox locations using an average
standard deviation of 1.5° and the size of the
study areas monitored from each pair of receiving stations (White 1985). Locations of
foxes in the undeveloped study area had average 95% confidence ellipse areas ranging from
0.3 to 0.4 km2 (accurate within 330–358 m).
Locations of foxes on the developed study area
had average 95% confidence ellipse areas
ranging from 0.2–0.3 km2 (accurate within
269–329 m).

Movements
We calculated the distance that a fox moved
during a night by summing straight-line lengths
between successive locations taken every 15
minutes from sunset to sunrise. When the
length of time a fox was monitored was 1–2
hours less than the length of night (because of
gaps in the collection of successive 15-minute
relocations), we estimated the distance the fox
moved during the night by dividing the length
moved (km) by the time monitored (hr) and
then multiplying by the number of hours from
sunset to sunrise. When the length of night
was >2 hours longer than duration of the
monitoring period (due to logistic, weather, or
equipment problems), we combined movements (of the same fox) from 2 different sample periods, obtained within a 2-week period,
to estimate the length of nightly movement.
Mean lengths of nightly movements estimated
from combined samples (n = 14) did not differ
from means estimated from single-night samples (n = 17) for either males or females during
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the pup-dispersal period (t tests, P > 0.10).
Lengths of 3 nightly movements were estimated using distances moved by a fox during
portions of 3 different sample periods.
We determined the length of nightly movements during 3 biological periods: breeding
(December–mid-February), pup-rearing (midFebruary–May), and pup-dispersal (June–September; Zoellick et al. 1987). We examined the
length of nightly movements of foxes relative
to level of development for pup-dispersal periods of 1984 and 1985. We compared average
length of nightly movements between level of
development, sex, and the interaction between
level of development and sex using analysis of
variance (ANOVA). In addition, for foxes inhabiting developed areas, we compared length
of nightly movements among biological periods, between sexes, and the interaction between biological period and sex using ANOVA.
To avoid pseudoreplication, lengths of nightly
movements were treated as subsamples. Average distances traveled nightly by individual
foxes (for a given biological period and level of
development) were used in ANOVAs examining the length of nightly movements. Repeatedmeasures ANOVA was not used to compare
length of movements among biological periods
because most (8 of 10) foxes were present during only 1 or 2 of the 3 periods sampled. The
Tukey-Kramer HSD test was used to examine
differences in pairs of means.
Home Ranges
We used program HOME RANGE (Ackerman et al. 1990) to estimate size of home
ranges using the 100% minimum convex polygon (MCP) method (Hayne 1949), and to estimate size of core home range areas using the
harmonic mean method (Dixon and Chapman
1980). Core areas were defined as the area
within the 50% isopleth of the harmonic mean
(Spencer and Barrett 1984, White and Ralls
1993). For harmonic mean calculations, we
used a scale of 609.6 and a grid size of 72 × 32
(Gallerani Lawson and Rodgers 1997). We also
estimated size of home ranges using the gridcell method (Rongstad and Tester 1969, Voight
and Tinline 1980, Laundre and Keller 1981)
from the number of 0.04-km2 (200 × 200-m)
grid cells (Zoellick and Smith 1992) entered
by a fox. We calculated grid-cell home ranges
to examine whether convex polygons overestimate home-range size by including substantial
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areas of non-use. We determined the number
of nightly sample periods or locations needed
to adequately sample home range with area
observation curves (Odum and Kuenzler 1955).
We examined the percent change in the size of
MCP home ranges that occurred with the
addition of locations collected during fullnight sample periods. By the 5th nightly sample, area observation curves increased <5%.
Therefore, we assumed that sequential locations from 4 to 5 nightly samples (172–215
locations) were sufficient to estimate size of
home ranges.
Home ranges were calculated using all
locations collected within a 1-year period (generally November 1984–September 1985 for
foxes in developed areas and June 1984–May
1985 for foxes in undeveloped areas). Estimates of home range sizes were based on a
mean of 409 locations/fox (n = 9, range =
271–820) in undeveloped areas and 550 locations/fox (n = 12, range = 165–1109) in developed areas.
Using 2-way ANOVA, we compared sizes
of home ranges and core areas between foxes
inhabiting undeveloped and developed areas
and between sexes. Percent overlap of core
areas and home ranges was calculated for
foxes of the same social group and for foxes of
different, but adjacent, social groups using the
method of Macdonald et al. (1980). Percent
overlap of home ranges and core areas was
arcsine transformed. We used t tests to examine differences in overlap of core areas and
home ranges of foxes inhabiting undeveloped
and developed areas.
Oil-field Development
We estimated the percentage of land area
affected by oil-field development (e.g., well
pads, sumps, roads, pipelines, pipe storage
yards, production facilities) for each quarter
section (65 ha) of NPRC by overlaying transparent dot grids (Mosby 1980) on 1:10,000 scale
aerial photographs taken in 1983. We considered kit foxes to occupy developed habitat if
their home ranges had >15% land alteration
from oil-field development.
RESULTS
Between June 1984 and May 1985, we
studied 13 adult kit foxes (2 pairs, 2 females
cooperatively rearing pups, and 7 foxes from
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different social groups) on the undeveloped
study area. Nine kit foxes (4 males, 5 females)
were monitored from June to September 1984,
while 4 kit foxes (3 males, 1 female) were monitored from June 1984 to May 1985. Two kit
foxes (1 male, 1 female) were assigned to
developed habitat because their home ranges
included areas of oil-field development in the
northeastern corner of the study area. During
December 1984 to September 1985, we studied 10 adult kit foxes (3 males, 7 females; all
from different social groups) on the developed
study area. Additional adult kit foxes were
radio-collared on the study areas (4 on the
undeveloped and 12 on the developed area),
but they were located too infrequently to estimate home ranges or length of movements.
Movements
We determined the length of 52 nightly
movements of 11 kit foxes (6 males, 5 females)
inhabiting undeveloped areas, and of 73
nightly movements of 10 foxes (4 males, 6
females) in developed areas (Table 1). Lengths
of nightly movements of kit foxes were sampled primarily during pup-dispersal, particularly for foxes inhabiting undeveloped areas
(Table 1). Lengths of nightly movements did
not differ between undeveloped and developed areas (F1,12 = 1.52, P = 0.24) or between male and female foxes (F1,12 = 1.7, P =
0.3), and interaction between development and
sex was not significant (F1,12 = 1.41, P = 0.26).
Lengths of nightly movements of foxes in
developed areas (Table 1) differed among biological periods (F2,14 = 6.39, P = 0.01), but
not between sexes (F1,14 = 0.36, P = 0.56).
The interaction between sex and biological
period was not significant (F2,14 = 0.66, P =
0.53). Average length of nightly movements
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during the breeding period (14.6 ± 1.1 [sx–] km,
n = 6) was greater than during pup-rearing
(10.7 ± 1.0 km, n = 7) and pup-dispersal periods (9.4 ± 1.1 km, n = 6; P < 0.05). Lengths of
nightly movements did not differ between
pup-rearing and pup-dispersal (P = 0.66).
Home Ranges
HOME-RANGE SIZE.— MCP home range
size of kit foxes averaged 4.6 ± 0.4 km2 (n =
21) and did not differ between developed (4.8
± 0.7 km2, n = 12) and undeveloped areas (4.3
± 0.5 km2, n = 9; F1,17 = 0.84, P = 0.37) or
between sexes (F1,17 = 1.61, P = 0.22). Size of
MCP home ranges averaged 5.2 ± 0.9 km2 (n
= 9) for males and 4.2 ± 0.4 km2 (n = 12) for
females. Home ranges calculated with the gridcell method averaged 4.3 ± 0.3 km2 (n = 21) in
size and did not differ from MCP estimates
(F1,40 = 0.34, P = 0.56). Size of grid-cell home
ranges averaged 4.7 ± 0.6 km2 (n = 9) for
males and 4.0 ± 0.3 km2 for females (n = 12).
Size of core areas averaged 1.2 ± 0.1 km2 (n
= 21) and did not differ between foxes inhabiting developed (1.2 ± 0.2 km2, n = 12) and
undeveloped areas (1.2 ± 0.2 km2, n = 9; F1,17
= 0.02, P = 0.9) or between sexes (F1,17 =
0.49, P = 0.49). Size of core areas averaged 1.3
± 0.1 km2 (n = 9) for males and 1.1 ± 0.1 km2
for females (n = 12).
SPATIAL ORGANIZATION.—Overlap of home
ranges calculated with the MCP method for
male and female foxes of different social
groups averaged 37.9 ± 5.2% (n = 30) and did
not differ between developed areas (40.2 ±
6.6%, n = 22) and undeveloped areas (31.6 ±
8.0%, n = 8; t28 = 0.9, P = 0.4). Home ranges
of same-sex foxes from different social groups
overlapped an average of 33.4 ± 3.9% (n = 26)
and did not differ between developed (32.9 ±

TABLE 1. Length of nightly movements (km) of San Joaquin kit foxes in undeveloped and developed areas of the Naval
Petroleum Reserves in California during pup-dispersal, breeding, and pup-rearing periods; number of foxes (nf); and
number of nightly movements sampled (nn), 1984–85.

Perioda

Developed areas
_________________________________________
Males
Females
___________________
___________________
x–
s– n b n
x–
s–
n
n

Pup-dispersal 8.0
Breeding
14.6
Pup-rearing
10.9

x

f

n

1.7
1.5
1.5

2
3
3

12
6
12

x

10.7
14.6
10.5

1.1
1.5
1.3

f

n

5
3
4

22
5
16

Undeveloped areas
__________________________________________
Males
Females
___________________
___________________
x–
s–
n
n
x–
s– n
n
x

10.9
15.5
13.6

1.3
2.6
0.9

f

n

4
2
2

27
2
3

x

10.8

1.1

f

n

5

20

aPup-dispersal = June–September, breeding = December–mid-February, pup-rearing = mid-February–May.
bAverage distance traveled nightly by an individual fox (for a given biological period and level of development) was the sample unit used for statistical analyses.
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4.6%, n = 20) and undeveloped areas (35.0 ±
7.8%, n = 6; t24 = 0.2, P = 0.8). Overlap of
home ranges of males and females and samesex foxes from different social groups, calculated with the MCP method, averaged 35.8 ±
3.3% (n = 56). Home ranges calculated with
the grid-cell method for those foxes overlapped an average of 32.7 ± 2.8%. No kit foxes
belonging to the same social group were adequately monitored in developed areas to calculate overlap of their home ranges.
Overlap of home ranges of kit foxes in
undeveloped areas calculated with the MCP
method differed among foxes belonging to the
same social group, same-sex foxes, and males
and females from different social groups (F2,17
= 11.89, P = 0.001). Average overlap of home
ranges was greater (P < 0.01) for foxes belonging to the same social group (77.7 ± 4.3%, n =
6) than between same-sex foxes from different
social groups (35.0 ± 7.8%, n = 6) and males
and females from different social groups (31.6
± 8.0%, n = 8). Overlap did not differ between
same-sex foxes and males and females from
different social groups (P = 0.9). Overlap data
for foxes belonging to the same social group
included 2 females who cooperatively raised a
litter of pups in 1984 and 2 known mated pairs.
Core areas were relatively exclusive for kit
foxes of the same sex (Fig. 2). Core areas of
male and female foxes from different social
groups often overlapped, with overlaps averaging 14.4 ± 4.3% (n = 30). Overlap of core
areas did not differ between foxes inhabiting
developed (12.8 ± 5.4%, n = 22) and undeveloped areas (19.0 ± 6.4%, n = 8; t28 = 1.284, P
= 0.26).
DISCUSSION
Movements
The lengths of nightly movements of kit
foxes from this study (11.5 ± 0.5 km for all biological periods, n = 38) were 18% shorter than
those of kit foxes in western Arizona (Zoellick
et al. 1989). Available prey biomass was substantially lower in Arizona than in the San
Joaquin Valley (Zoellick and Smith 1992), which
likely contributed to the difference in length
of movements between the 2 areas. Length of
nightly movements of kit foxes from this study
was longer during the breeding period, similar
to that of male kit foxes in western Arizona
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Fig. 2. Spatial arrangement of the home ranges (dashed
lines) and core areas (solid lines) of 7 female kit foxes in
developed areas of the Naval Petroleum Reserves in California, 1984–85. Home ranges were plotted using the
minimum convex polygon method, and core areas were
plotted using the 50% isopleth of the harmonic mean
method.

(Zoellick et al. 1989). Visits by males to dens of
other pairs of kit foxes increased the length of
nightly movements during the breeding period
of kit foxes in western Arizona (Zoellick et al.
1989). Kit foxes on NPRC were primarily nocturnal (Morrell 1972). The longer night length
during the breeding period (December to
February) also probably contributed to the increase in length of movements by allowing kit
foxes to be active for a longer period of time.
Length of movements did not differ between kit foxes inhabiting developed and undeveloped areas of NPRC likely because oilfield development did not impact the abundance of prey species. Lagomorphs were the
primary prey of kit foxes on NPRC during
1984–85 (Cypher et al. 2000). Densities of
lagomorphs did not differ between developed
and undeveloped study areas, averaging 103/
km2 during 1984–85 (O’Farrell et al. 1987).
Kangaroo rats (Dipodomys spp.) were also
frequent prey of kit foxes during 1984–85 (ca
20% occurrence in diet; Cypher et al. 2000).
Small mammals were common on both the
developed and undeveloped study area in
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1984 (capture probabilities of 25–35%; O’Farrell et al. 1987, Scrivner et al. 1987), but they
may have been less abundant in 1985 because
precipitation was lower in 1984 (13.4 cm) than
in 1983 (25.3 cm). Cypher et al. (2000) reported
small mammal abundance on NPRC was related to the previous year’s precipitation between 1985 and 1995. Any year differences in
small mammal abundance would have been
additive to the effect of oil-field development;
most data from kit foxes in developed areas
were collected in 1985 when small mammals
likely were less abundant. Yet, no differences
in movements and home range use were observed between levels of oil-field development,
similar to the findings of Spiegel and Bradbury
(1992) for an oil field near NPRC.
Home Ranges
Home ranges of kit foxes in this study and
in western Utah (3.1 km2; O’Neal et al. 1987)
were significantly smaller than those of San
Joaquin kit foxes on the Carrizo Plain in California (11.6 km2; White and Ralls 1993) and in
western Arizona (11.2 km2, P < 0.001; Zoellick and Smith 1992). As discussed by White
and Ralls (1993) and Zoellick and Smith (1992),
home-range size differs depending on prey
availability. Lagomorph densities and overall
prey biomass on NPRC were substantially
greater than in western Arizona and on the
Carrizo Plain in California (Zoellick and Smith
1992, White and Ralls 1993), and similar to
those in western Utah (O’Neal et al. 1987).
Home ranges of kit foxes in nearby Midway
Valley in California (6.1 ± 0.45 km2, n = 26;
Spiegel and Bradbury 1992) were similar to
those of kit foxes on NPRC. Midway Valley
had plant communities similar to those of
NPRC and presumably similar prey availability. Morrell (1972) also studied kit foxes in
Buena Vista Valley and estimated size of home
ranges to be 2.6–5.2 km2, similar to this study.
Size of home ranges can be influenced by
differences in density and social structure
(Jewell 1966, Brown and Orians 1970, Schoener 1981). Kit fox density was similar between
developed and undeveloped areas during the
period of study. Fox density on the developed
study area was estimated at 1 fox/1.0 km2 during winter 1984 using a closed population
model and at 1 fox/1.8 km2 during summer
1985 from the minimum population size
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(O’Farrell et al. 1987). Fox density in Buena
Vista Valley during summer and winter 1984
was estimated to be 1 fox/1.3 km2 and 1 fox/1.8
km2, respectively, from closed population
models (Harris et al. 1987). A minimum fox
density of 1 fox/1.8 km2 was estimated for
summer 1985 in Buena Vista Valley (Harris et
al. 1987).
Large overlaps of home ranges of kit foxes
from different social groups on NPRC (averaging 36%) indicated entire home ranges were
not defended from other kit foxes, either in
undeveloped areas or areas of oil-field development. Morrell (1972) observed family groups
hunting in the same area of Buena Vista Valley,
but not at the same time. Although core areas
of foxes in this study were fairly exclusive for
same-sex foxes from different social groups,
they overlapped an average of 14% for males
and females from different social groups. Home
ranges of San Joaquin kit foxes in nearby Midway Valley (Spiegel and Bradbury 1992) and
on the Carrizo Plain (White and Ralls 1993)
also overlapped somewhat, but both studies
found that core areas were fairly exclusive for
kit foxes of different social groups.
Because kit foxes on NPRC did not defend
their entire home ranges from other social
groups, more than 1 kit fox or pair of kit foxes
could use a local food source or other resources. This may partly explain why conversion of 30% of the native habitat to oil-field
facilities had little effect on movements and
size of home ranges of kit foxes. Additionally,
White and Ralls (1993) found that the size of
home ranges of kit foxes on the Carrizo Plain
in California did not change during periods of
drought-induced alterations in prey abundance.
Instead, overlap of home ranges of adjacent,
same-sex foxes decreased. In this study overlap of home ranges did not differ between levels of oil-field development.
Overlap of home ranges of foxes from different social groups is dependent on resource
availability (White and Ralls 1993). In productive, diverse habitats such as those on NPRC,
kit foxes decrease the size of their home ranges
and maintain less exclusive home ranges than
in habitats with lower prey availability. Where
prey biomass and densities of kit foxes were
relatively low (1 fox per 4.1–6.5 km2; Zoellick
and Smith 1992, White and Ralls 1993), overlap of home ranges of adjacent same-sex foxes
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was 2–3 times less than on NPRC. Additionally, White and Ralls (1993) found increased
spacing among kit foxes during a droughtrelated decrease in prey abundance.
The significantly smaller home ranges on
NPRC, compared to the size of home ranges
in other portions of the geographic range of
the kit fox, indicate that NPRC lands provide
some of the highest quality habitat remaining
for kit foxes in the San Joaquin Valley. Conversion of 30% of the native habitat on developed
portions of NPRC to petroleum-production
facilities has not reached a threshold where
lagomorph numbers (Harris 1986, Warrick and
Cypher 1998) and movements and home ranges
of kit foxes are impacted by habitat loss.
Increased spacing among social groups may
be the initial response of kit foxes to declines
in prey abundance caused by more extensive
levels of habitat conversion. Future studies
should examine which levels of habitat loss
due to oil-field development alter movements
and use of home ranges by kit foxes.
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HELMINTH PARASITES OF SEVEN ANURAN SPECIES
FROM NORTHWESTERN MEXICO
Stephen R. Goldberg1,3 and Charles R. Bursey2
ABSTRACT.—One hundred eighty-three specimens representing 7 anuran species were examined for helminth parasites: Bufo kelloggi, B. mazatlanensis, Leptodactylus melanonotus, Pachymedusa dacnicolor, Rana forreri, R. magnaocularis, Smilisca baudini. The following species were found: 8 species of Trematoda, Cephalogonimus americanus, Clinostomum attenuatum (larva), Glypthelmins poncedeleoni, G. quieta, Gorgoderina attenuata, Haematoloechus complexus, H.
longiplexus, and Megalodiscus temperatus; 2 species of Cestoda, Cylindrotaenia americana and Nematotaenia dispar; 13
species of Nematoda, Aplectana incerta, A. itzocanensis, Cosmocerca podicipinus, Cosmocercella haberi, Cosmocercoides
variabilis, Foleyellides striatus, Oswaldocruzia pipiens, Rhabdias americanus, R. ranae, Subulascaris falcaustriformis,
Physaloptera sp. (larva), Physocephalus sp. (larva), and Spiroxys sp. (larva); and 1 species of Acanthocephala (cystacanth).
Helminth species richness was 6.4 ± 2.4 s. Thirty-five new host records are reported.
Key words: Anura, helminths, Trematoda, Cestoda, Nematoda, Acanthocephala, Bufo kelloggi, Bufo mazatlanensis,
Leptodactylus melanonotus, Pachymedusa dacnicolor, Rana forreri, Rana magnaocularis, Smilisca baudini, Mexico.

Although some 198 anuran species occur in
Mexico (Flores-Villela 1993), reports of
helminth parasite infections exist for only 13
species: Bufo marinus Linnaeus, 1758, B. marmoreus Wiegmann, 1833, B. valliceps Wiegmann, 1833, Leptodactylus melanonotus (Hallowell, 1861), Rana berlandieri Baird, 1854, R.
dunni Zweifel, 1957, R. forreri Boulenger,
1883, R. trilobata (Mocquard, 1899) = R.
megapoda Taylor, 1942, R. montezumae Baird,
1854, R. neovolcanica Hillis and Frost, 1985,
R. vaillanti Brocchi, 1877, Spea multiplicata
(Cope, 1863) = Scaphiopus multiplicatus (Cope,
1863), and Smilisca baudini (Duméril and
Bibron, 1841) (Baker 1987, Pérez-Ponce de
León et al. 2000). The purpose of this paper is
to report for the first time helminths harbored
by 4 anuran species: Bufo kelloggi Taylor,
1938, B. mazatlanensis Taylor, 1940, Pachymedusa dacnicolor (Cope, 1864), and Rana magnaocularis Frost and Bagnara, 1976. Additional
helminth records for Leptodactylus melanonotus, Rana forreri, and Smilisca baudini are also
reported. Four of these anurans are endemic
to Mexico (Flores-Villela 1993): Bufo kelloggi,
north central Sonora through Sinaloa to
Nayarit; B. mazatlanensis, northern Sonora to
Colima; Rana magnaocularis, east central
Sonora through Sinaloa and Nayarit to central

Jalisco; Pachymedusa dacnicolor, southern
Sonora to the Isthmus of Tehuantepec. Three
have Neotropical distribution: Leptodactylus
melanonotus, Sonora through Central America
to central Ecuador; Rana forreri, southern
Sonora along the Pacific coast to northwestern
Costa Rica; Smilisca baudini, southern Texas
(USA) and southern Sonora to Costa Rica
(Frost 1985).
MATERIALS AND METHODS
One hundred eighty-three specimens collected 1959–1987 from the herpetological collections at the University of Arizona (UAZ) or
Arizona State University (ASU) were examined. Number and mean snout-vent length
(SVL) in mm for each species examined are
given in Table 1. Museum accession numbers
are listed in Appendix 1. With the exception of
Rana forreri and 8 specimens of R. magnaocularis from Sinaloa, the anurans examined were
from the Mexican state of Sonora (Fig. 1). All
anurans were from region 2, “tierra seca extratropical” of Flores-Villela (1993).
All specimens were originally fixed in 10%
formalin and stored in 70% alcohol. The body
cavity was opened by a longitudinal incision
from vent to throat, and the gastrointestinal

1Department of Biology, Whittier College, Whittier, CA 90608.
2Department of Biology, Pennsylvania State University, Shenango Campus, Sharon, PA 16146.
3Corresponding author.

160

2002]

HELMINTH PARASITES OF SEVEN ANURANS

161

TABLE 1. Number, mean snout-vent length (SVL) and range in mm, comparison of SVL (Kruskal-Wallis test), number
infected, and comparison of infection rate between female and male specimens (chi-square test) for 7 anuran species
from northwestern Mexico.
Kruskal-Wallis
test

Number
infected (%)

Chi-square
test

38.9 ± 5.2, 30–41
33.6 ± 2.9, 32–49

8.96, P < 0.001

8 (57)
10 (66)

0.27, P > 0.05

female, 6
male, 14

67.7 ± 8.0, 59–80
59.8 ± 5.1, 50–68

4.95, P < 0.05

6 (100)
14 (100)

0

Leptodactylus melanonotus

female, 10
male, 20

34.3 ± 5.5, 24–42
31.6 ± 3.3, 27–39

2.72, P > 0.05

10 (100)
20 (100)

0

Pachymedusa dacnicolor

female, 11
male, 13

77.4 ± 11.2, 57–92
65.7 ± 2.9, 61–70

7.57, P < 0.001

9 (82)
9 (69)

0.50, P > 0.05

Rana forreri

female, 22
male, 17

101.1 ± 17.7, 72–130
88.5 ± 11.1, 73–114

5.79, P < 0.05

19 (86)
10 (59)

3.81, P > 0.05

Rana magnaocularis

female, 13
male, 13

65.0 ± 7.8, 44–78
51.3 ± 7.3, 40–67

11.28, P < 0.001

13 (100)
12 (92)

1.04, P > 0.05

Smilisca baudini

female, 5
male, 14

69.8 ± 7.7, 59–80
59.1 ± 3.5, 50–65

6.24, P < 0.05

3 (40)
9 (64)

0.02, P > 0.05

Anuran species

N

SVL, range

Bufo kelloggi

female, 14
male, 15

Bufo mazatlanensis

tract was removed by cutting across the
esophagus and rectum. The lungs, esophagus,
stomach, small intestine, large intestine, body
cavity, liver, and urinary bladder of each specimen were examined separately. Each helminth
was removed and placed on a microscope
slide in a drop of undiluted glycerol, a coverslip added, and the slide set aside until the
helminth became transparent. Nematodes and
acanthocephalans were identified from these
slides. Trematodes and cestodes were stained
with hematoxylin and mounted in balsam for
further examination. Voucher helminths were
deposited in the United States National Parasite Collection (USNPC; Appendix 2).
RESULTS
We found the following species: 8 species
of Trematoda, Cephalogonimus americanus
Stafford, 1902, Clinostomum attenuatum Cort,
1913 (larvae in cysts), Glypthelmins poncedeleoni Razo-Mendivil and León-Règagnon,
2001, G. quieta (Stafford, 1900), Gorgoderina
attenuata (Stafford, 1902), Haematoloechus complexus (Seely, 1906), H. longiplexus Stafford,
1902, Megalodiscus temperatus (Stafford, 1905);
2 species of Cestoda, Cylindrotaenia americana Jewell, 1916 and Nematotaenia dispar
(Goeze, 1782); 13 species of Nematoda, Aplec-

tana incerta Caballero, 1949, A. itzocanensis
Bravo-Hollis, 1943, Cosmocerca podicipinus
Baker and Vaucher, 1984, Cosmocercella haberi
Steiner, 1924, Cosmocercoides variabilis (Harwood, 1930), Foleyellides striatus (Ochoterena
and Caballero, 1932), Oswaldocruzia pipiens
Walton, 1929, Rhabdias americanus Baker,
1978, R. ranae Walton, 1929, Subulascaris falcaustriformis Freitas and Dobbin, 1957,
Physaloptera sp. (larvae), Physocephalus sp.
(larvae in cysts), and Spiroxys sp. (larvae in
cysts); and 1 species of Acanthocephala (cystacanth larva in cyst). Although in all anuran
species except Leptodactylus melanonotus the
SVL of female specimens was significantly
greater than in male specimens, there was no
difference in the infection rate between
female and male hosts (Table 1). Because there
was no difference in infection rates between
female and male individuals of a host species,
data for male and female individuals were
combined. Mean helminth species richness
(summation of number of helminth species
per particular host species divided by number
of host species) was 6.4 ± 2.4 s (range 4–10;
Table 2). Prevalence (number of hosts infected
by a helminth species divided by the total
number of hosts examined and expressed as a
percentage), mean intensity (number of individuals of a parasite species in a host species

NEMATODA
Aplectana incerta
small, large intestines
Aplectana itzocanensis
small, large intestines

CESTODA
Cylindrotaenia americana
small intestine
Nematotaenia dispar
small intestine

TREMATODA
Cephalogonimus americanus
small intestine
Clinostomum attenuatum
cysts in muscle, skin
Glypthelmins poncedeleoni
small, large intestines
Glypthelmins quieta
small intestine
Gorgoderina attenuata
urinary bladder
Haematoloechus complexus
lung
Haematoloechus longiplexus
lung
Megalodiscus temperatus
large intestine

Helminth
Site of infection

— —
— —

— —

— —

*3 2

*3 2

— —

*90 342 ± 197
*25 59.6 ± 46.8

— —

*34 7.4 ± 9.8

*42 11.6 ± 22.8

— —

— —

— —

— —

— —

— —

*31 1.7 ± 0.9

*13 3.7 ± 2.1

— —

— —

— —

— —

— —

— —

— —

— —

— —

*8 3.0 ± 1.4

— —

— —

— —

— —

— —

*4 2

*58 26.8 ± 23.9

*5 53

— —

— —

— —

— —

— —

— —

— —

*12 8.7 ± 10.7
— —

— —

— —

— —

— —

— —

*31 34.3 ± 46.2
— —

— —

*23 8.4 ± 12.5
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*7 2

— —

— —

— —

— —

*3 2

*40 3.5 ± 1.7

— —

— —

— —

— —

— —

— —

— —

7 6.0 ± 7.1

*7 4.5 ± 0.7

— —

— —

— —

— —

— —

— —

— —

— —

— —

*3 1

— —

— —

Bufo
Bufo
Leptodactylus
Pachymedusa
Rana
Rana
Smilisca
kelloggi
mazatlanensis
melanonotus
dacnicolor
forreri
magnaocularis
baudini
_____________________________________________________________________________________________________________________
P I±s
P I±s
P I±s
P I±s
P I±s
P I±s
P I±s

TABLE 2. Prevalence (P), mean intensity ± s (I ± s) and site of infection for helminths from 7 anuran species from northwestern Mexico.
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*New host record

ACANTHOCEPHALA
oligacanthorhynchid cystacanth
cyst in peritoneum

Cosmocercoides variabilis
large intestine
Foleyellides striatus
under peritoneum
Oswaldocruzia pipiens
stomach, small intestine
Rhabdias americanus
lungs
Rhabdias ranae
lungs
Subulascaris falcaustriformis
small intestine
Physaloptera sp. (larva)
stomach
Physocephalus sp. (larva)
cysts in peritoneum
Spiroxys sp. (larva)
cysts in peritoneum

Cosmocerca podicipinus
small, large intestines
Cosmocercella haberi
small, large intestines

— —
23 2.6 ± 1.9

— —
35 3.0 ± 1.7
40 9.6 ± 17.1
— —

— —

3 1

— —

— —

— —

— —

— —

— —

— —

— —

— —

— —

*5 2

*34 10.0 ± 18.7

— —

*7 2

— —

4 1

15 35.2 ± 72.6

25 2.8 ± 2.2

— —

— —

— —

— —

— —

— —

— —

— —

— —

— —

— —

*17 3.4 ± 3.7

*5 1

— —

*4 1

*8 1.0 ± 0.0

— —

— —

— —

— —

*15 1

— —

— —

— —

— —

— —

— —

*8 2.5 ± 0.7

— —

— —

— —

— —

— —

— —

5 3

— —

*85 9.7 ± 11.7

8 5.5 ± 6.4

*11 3.5 ± 3.5

— —

— —

— —

— —

— —

— —

*15 2.0 ± 0.8

— —

— —

*54 287 ± 381

— —

— —

— —

*13 2.0 ± 1.2

— —

— —

*97 7.6 ± 6.5

— —

— —
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Fig. 1. Approximate collection areas for 7 anuran species
from northwestern Mexico: 1 = Bufo kelloggi, 2 = B.
mazatlanensis, 3 = Leptodactylus melanonotus, 4 =
Pachymedusa dacnicolor, 5 = Rana forreri, 6 = R. magnaocularis, 7 = Smilisca baudini.

divided by the number of infected hosts),
range, and site of infection are given in Table
2. Thirty-five new host records are reported
(Table 2).
DISCUSSION
Pérez-Ponce de León et al. (2000) have
recently reviewed digenean fauna of some
selected amphibians of central Mexico. They
distinguished 3 categories: helminths of anurans that have Nearctic or Neotropical distributions and helminths of anurans endemic to
Mexico. Of the trematode species found in
this study, all have been previously reported
from Mexico. All have Nearctic distributions
with the exception of Glypthelmins poncedeleoni, currently known only from Mexico
(Razo-Mendivil and León-Règagnon 2001)
and considered a Mexican endemic by PérezPonce de León et al. (2000). All of these
trematodes are generalists with the exception
of Clinostomum attenuatum, a bird parasite
(bitterns) that utilizes frogs as transport hosts
(Schell 1985). Cephalogonimus americanus has
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been reported from bufonids, ranids, and salamanders; Glypthelmins quieta from bufonids,
hylids, and ranids; Gorgoderina attenuata from
bufonids, ranids, and salamanders; Haematoloechus complexus from ranids; H. longiplexus from bufonids and ranids; Megalodiscus
temperatus from bufonids, hylids, ranids, and
salamanders (Prudhoe and Bray 1982, PérezPonce de León et al. 2000). Clinostomum
attenuatum and Megalodiscus temperatus are
additions to the list provided by Pérez-Ponce
de León et al. (2000). Etges (1991) reported
that Bufo marinus from northern Mexico (precise location not given) harbor Clinostomum
attenuatum. This is the 2nd report of C. attenuatum from Mexico. Megalodiscus temperatus
was originally reported as M. montezumae
Travassos, 1934 from Rana montezumae collected in the state of Mexico (Bravo-Hollis
1941). Additional information on the life history of digenean trematodes of Mexican
amphibians is in Pérez-Ponce de León et al.
(2000).
The cestode species found in this study
cannot be placed in the categories constructed
above. Nematotaenia dispar is a variable species
with a broad geographical range extending to
all but the Australian and Ethiopian biogeographical realms ( Jones 1987). Host records
suggest that N. dispar is primarily a parasite of
bufonids, but hylids, ranids, salamanders, and
a varanid lizard have also been reported as
hosts ( Jones 1987). Cylindrotaenia americana
is restricted to the Western Hemisphere,
where it is a parasite of bufonids, ranids,
hylids, and leptodactylids (Jones 1987). This is
the 1st report of C. americana from Mexico.
Nematotaenia dispar and C. americana are
members of the Nematotaeniidae, which are
considered by Joyeux (1927) to have direct life
cycles, that is, without intermediate hosts.
Infection of a new host occurs through ingestion of cestode eggs. Reports of cestodes in
Mexican anurans are given in Table 3.
The nematode species represented by
mature individuals found in this study can be
placed in the categories of Pérez-Ponce de
León et al. (2000). The Nearctic species
include Aplectana incerta, A. itzocanensis,
Cosmocercella haberi, Cosmocercoides variabilis, Oswaldocruzia pipiens, Rhabdias americanus, and R. ranae. Neotropical species
include Cosmocerca podicipinus and Subulascaris falcaustriformis. Foleyellides striatus is
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TABLE 3. Cestoda and Nematoda of species of Mexican anurans.
Helminth
CESTODA
Cylindrotaenia americana Jewell, 1916
Leptodactylus melanonotus
Nematotaenia dispar (Goeze, 1782) Lühe, 1899
Bufo marinus
Bufo mazatlanensis
Ophiotaenia magna Hannum, 1925
Rana tarahumarae
NEMATODA
Aplectana incerta Caballero, 1949
Bufo marinus
Bufo marmoreus
Bufo mazatlanensis
Smilisca baudini
Aplectana itzocanensis Bravo-Hollis, 1943
= Aplectana hoffmani Bravo-Hollis, 1943
Bufo kelloggi
Bufo marinus
Bufo mazatlanensis
Leptodactylus melanonotus
Pachymedusa dacnicolor
Rana magnaocularis
Spea multiplicata
Smilisca baudini
Aplectana sp.
Bufo marinus
Cosmocerca podicipinus Baker and Vaucher, 1984
Leptodactylus melanonotus
Rana forreri
Cosmocerca sp.
Bufo marinus
Cosmocercella haberi Steiner, 1924
Pachymedusa dacnicolor
Cosmocercoides variabilis (Harwood, 1930) Travassos, 1931
Rana magnaocularis
Cruzia morleyi (Pearse, 1936) Chabaud, 1978
Bufo marinus
Falcaustra caballeroi Chabaud and Golvan, 1957
= Dibulgiber longispiculis Caballero, 1935
Rana montezumae
Falcaustra inglisi (Anderson, 1964) Baker, 1980
Rana tarahumarae
Falcaustra lowei Bursey and Goldberg, 2001
Rana tarahumarae
Foleyellides striatus Caballero, 1935
= Chandlerella striata Ochoterena and Caballero, 1932
Rana forreri
Rana magnaocularis
Rana montezumae
Rana tarahumarae
Ochoterenella caballeroi Esslinger, 1987
Bufo marinus
Ochoterenella chiapensis Esslinger, 1988
Bufo marinus
Ochoterenella digiticauda Caballero, 1944
Bufo marinus

Locality (State)

Reference

Sonora

this study

Nuevo León
Sonora

Martínez 1969
this study

Sonora

Bursey and Goldberg 2001

Puebla
Chiapas
Jalisco
Sonora
Sonora

Bravo-Hollis 1943
Caballero 1949, 1954
Galicia-Guerrero et al. 2000
this study
this study

Sonora
Veracruz
Sonora
Sonora
Sonora
Sonora
Puebla
Sonora

this study
Caballero Deloya 1974
this study
this study
this study
this study
Bravo-Hollis 1943
this study

Veracruz

Guillén-Hernández 1992

Sonora
Sinaloa

this study
this study

Veracruz

Guillén-Hernández 1992

Sonora

this study

Sonora

this study

Yucatan
Veracruz

Pearse 1936
Caballero Deloya 1974

Mexico

Caballero 1935

Sonora

Bursey and Goldberg 2001

Sonora

Bursey and Goldberg 2001

Sinaloa
Sonora
Mexico
Sonora

this study
this study
Caballero 1935
Bursey and Goldberg 2001

Chiapas

Esslinger 1987

Chiapas

Esslinger 1988a

Oaxaca
Chiapas
Chiapas
Jalisco

Caballero 1944
Caballero 1948
Esslinger 1986
Galicia-Guerrero et al. 2000
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TABLE 3. Continued.
Helminth
NEMATODA (continued)
Ochoterenella figueroai Esslinger, 1988
Bufo marinus
Ochoterenella lamothei Esslinger, 1988
Bufo marinus
Ochoterenella nanolarvata Esslinger, 1987
Bufo marinus
Ochoterenella sp.
Bufo marinus
Oswaldocruzia pipiens Walton, 1929
Bufo marinus
Bufo mazatlanensis
Leptodactylus melanonotus
Rana magnaocularis
Rana tarahumarae
Oswaldocruzia subauricularis (Rudolphi, 1819) Travassos, 1917
Bufo marinus
Oswaldocruzia sp.
Bufo marinus
Physaloptera sp. (larva)
Bufo kelloggi
Bufo marinus
Bufo mazatlanensis
Pachymedusa dacnicolor
Rana forreri
Rana magnaocularis
Rana tarahumarae
Smilisca baudini
Physocephalus sp. (larva)
Bufo marinus
Bufo mazatlanensis
Rhabdias americanus Baker, 1978
Bufo kelloggi
Bufo mazatlanensis
Smilisca baudini
Rhabdias fuelleborni Travassos, 1926
Bufo marinus
Bufo marmoreus
Rhabdias ranae Walton, 1929
Leptodactylus melanonotus
Rana magnaocularis
Rana tarahumarae
Rhabdias sphaerocephala Goodey, 1924*
Bufo marinus

Spiroxys corti Caballero, 1935
Rana montezumae
Spiroxys sp. (larva)
Leptodactylus melanonotus
Subulascaris falcaustriformis Freitas and Dobbin, 1957
Rana magnaocularis
Rana tarahumarae
*Considered to be a Palearctic species only (Baker 1987).

Locality (State)

Reference

Chiapas

Esslinger 1988b

Chiapas

Esslinger 1988b

Chiapas

Esslinger 1987

Veracruz

Guillén-Hernández 1992

Nuevo León
Sonora
Sonora
Sonora
Sonora

Martínez 1969
this paper
this paper
this paper
Bursey and Goldberg 2001

Chiapas

Caballero 1949, 1954

Veracruz

Guillén-Hernández 1992

Sonora
Jalisco
Sonora
Sonora
Sinaloa
Sonora
Sonora
Sonora

this study
Galicia-Guerrero et al. 2000
this study
this study
this study
this study
Bursey and Goldberg 2001
this study

Jalisco
Sonora

Galicia-Guerrero et al. 2000
this study

Sonora
Sonora
Sonora

this paper
this paper
this paper

Jalisco
Jalisco

Galicia-Guerrero et al. 2000
Galicia-Guerrero et al. 2000

Sonora
Sonora
Sonora

this study
this study
Bursey and Goldberg 2001

Veracruz
Chiapas
Nuevo León
Veracruz
Veracruz

Bravo-Hollis and Caballero 1940
Caballero 1949, 1954
Martínez 1969
Caballero Deloya 1974
Guillén-Hernández 1992

Mexico

Caballero 1935

Sonora

this study

Sonora
Sonora

this study
Bursey and Goldberg 2001
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endemic to Mexico. Previous records of these
nematodes from Mexican anurans are given in
Table 3.
The above nematodes are generalists:
Aplectana incerta is a common parasite of
bufonids; A. itzocanensis of bufonids and a
pelobatid; Cosmocercella haberi of hylids and
ranids; Cosmocercoides variabilis of frogs,
toads, salamanders, lizards, turtles, and snakes;
Oswaldocruzia pipiens of frogs, toads, a salamander, lizards, and turtles; Rhabdias americanus of bufonids; R. ranae of hylids and ranids
(Baker 1987). Cosmocerca podicipinus has been
reported from South American leptodactylids
and Subulascaris falcaustriformis from a
Brazilian ranid (Baker 1987). Foleyellides
striatus is currently known only from Mexican
ranids (Baker 1987). Aplectana, Cosmocerca,
Cosmocercella, Cosmocercoides, Oswaldocruzia, and Rhabdias have direct life cycles;
Foleyellides are transmitted to new hosts by
haematophagous arthropods; and the life cycle
of Subulascaris is not known (Anderson 2000).
Adults of Physaloptera sp. occur in the
stomachs of mammals, snakes, and a few lizard
species; larvae are common in amphibians and
some lizard species (Anderson 2000). Adults of
Physocephalus occur in the stomachs of swine,
horses, cattle, and rabbits; infective larvae
have been recovered from dung beetles and
are found encapsulated in the tissues of amphibians, reptiles, birds, and mammals (Anderson 2000). Adults of Spiroxys sp. are common
parasites of the gastric mucosa of turtles in
North America; larvae are found encapsulated
in the tissues of snails, fish, frogs, and newts
(Anderson 2000). The life cycle is similar for
species in these 3 genera: embryonated eggs
are passed with the feces of the definitive host
and hatch when eaten by intermediate hosts,
various species of insects; infection is acquired
by ingesting insects containing infective thirdstage larvae (Anderson 2000). Because larvae
of Physocephalus sp. and Spiroxys sp. were
found in cysts and are not known to mature in
anurans, the possibility of anurans as paratenic
hosts must be considered. Since larvae of
Physaloptera sp. were found in the digestive
tract and do not mature in anurans, we consider them to be pseudoparasites, a by-product
of diet.
Acanthocephalan cystacanths have been
found in amphibians (Moore 1946), reptiles
(Goldberg et al. 1998), and mammals (Radomski
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et al. 1991). Elkins and Nickol (1983) and
Bolette (1997) consider reptiles in these
instances to be paratenic hosts. For those
acanthocephalans parasitic in terrestrial animals, the intermediate hosts are usually
insects (Nickol 1985); thus, their occurrence in
insectivores could be anticipated. Because
these larvae occur in cysts, the possibility of
frogs as paratenic hosts must be considered.
Our knowledge of anuran helminths of
Mexico is far too incomplete to make generalizations about distribution patterns. But, as
more hosts are studied, we believe they will
be shown to harbor generalist helminths and
these generalists will fall into 1 of the 3 categories erected by Pérez-Ponce de León et al.
(2000), i.e., Nearctic, Neotropical, endemic.
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APPENDIX 1
ZOOLOGY MUSEUM ACCESSION NUMBERS

Anurans examined from the herpetology collections of
Arizona State University (ASU) or the University of Arizona (UAZ).
Bufo kelloggi (N = 29): Sonora UAZ 4457–4459,
10192, 10289, 10290, 10293–10295, 11258, 11313, 11314,
23437, 31553, 31554, 31664, 31668–31670, 31674, 31686,
32036, 32037, 32040, 32043, 32044, 42822, 45212, 47068.
Bufo mazatlanensis (N = 20): Sonora ASU 6109, 6111–
6113, 6115–6117, 6119–6121, 6123, 6126, 6128–6134,
6194.
Leptodactylus melanonotus (N = 30): Sonora UAZ
8215, 8216, 8219, 8223, 8225, 8229, 11301, 11302, 33324,
33351, 36389, 38733, 39449, 39540, 42833, 42835, 44815,
45228–45230, 45232–45236, 45966, 50886, 50888–50890.
Pachymedusa dacnicolor (N = 24): Sonora UAZ 12877,
31597, 31717, 39250, 39251, 39451, 39452, 44787, 44788,
45217, 45220, 45222, 45226, 45915, 45916, 45962, 46558,
46688, 46689, 47423, 47493, 47777, 47778, 51577.
Rana forreri (N = 39): Sinaloa UAZ 49726–49758,
49760–49765.
Rana magnaocularis (N = 26): Sinaloa UAZ 51035,
51037–51043; Sonora UAZ 44740, 45103, 45941, 45949,
51031–51033, 51044–51047, 51049, 51051, 51053–51056,
51058.
Smilisca baudini (N = 19): Sonora UAZ 31416, 31550,
31659–31661, 31840, 31998, 32020, 39247–39249, 45214,
45242–45244, 46691, 47424, 47491, 47492.

169

APPENDIX 2
PARASITOLOGY MUSEUM
ACCESSION NUMBERS
Helminths deposited in the United States National
Parasite Collection (USNPC).
Bufo kelloggi: Cylindrotaenia americana 89794;
Aplectana itzocanensis 89795; Rhabdias americanus 89796;
Physaloptera sp. (larvae) 89797.
Bufo mazatlanensis: Nematotaenia dispar 89798;
Aplectana incerta 89799; Aplectana itzocanensis 89800;
Oswaldocruzia pipiens 89801; Rhabdias americanus 89802;
Physaloptera sp. (larvae) 89803; Physocephalus sp. (larvae)
89804.
Leptodactylus melanonotus: Glypthelmins poncedeleoni
89805; Gorgoderina attenuata 89806; Haematoloechus
longiplexus 89807; Megalodiscus temperatus 89808; Cylindrotaenia americana 89809; Aplectana itzocanensis 89810;
Cosmocerca podicipinus 89811; Oswaldocruzia pipiens
89812; Rhabdias ranae 89813; Spiroxys sp. (larvae) 89814.
Pachymedusa dacnicolor: Megalodisus temperatus
89815; Aplectana itzocanensis 89816; Cosmocercella
haberi 89817; Physaloptera sp. (larvae) 89818; oligacanthorhynchid acanthocephalan cystacanth 89819.
Rana forreri: Cephalogonimus americanus 90728, 90729;
Clinostomum attenuatum 90730, 90731; Megalodiscus
temperatus 90732, 90733; Cosmocerca podicipinus 90734;
Foleyellides striatus 90735; Physaloptera sp. 90736;
Rana magnaocularis: Glypthelmins quieta 89820;
Haematoloechus complexus 89821; Aplectana itzocanensis
89822; Cosmocercoides variabilis 89823; Foleyellides striatus 89824; Oswaldocruzia pipiens 89825; Rhabdias ranae
89826; Subulascaris falcaustriformis 89827; Physaloptera
sp. (larvae) 89828.
Smilisca baudini: Aplectana incerta 89829; Aplectana
itzocanensis 89830; Rhabdias americanus 89832; Physaloptera sp. (larvae) 89833.
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FLOOD FLOWS AND POPULATION DYNAMICS OF
ARIZONA SYCAMORE (PLATANUS WRIGHTII)
Juliet C. Stromberg1
ABSTRACT.—Platanus wrightii is a pioneer tree species of warm-temperate riparian deciduous forests in southwestern United States and northern Mexico. Dendrochronological analysis of populations in central and southern Arizona
indicated that P. wrightii seedlings establish episodically. Long intervals (10–40 years) elapsed with no apparent establishment. Seedling establishment years were positively associated with winter flood size and annual flow rate, and
weakly negatively associated with summer flood size. Large floods sometimes preceded multi-year establishment waves.
During the past 2 decades an abundance of winter floods and very wet springs has allowed frequent establishment of P.
wrightii. For example, plants established at many sites during the winter flood years of 1993 and 1995, particularly along
channels scoured and widened by flood waters. Platanus wrightii also reproduces asexually. Ramets were more abundant than genets in all populations, and ramets established more frequently than seedlings. Ramet density (mean number per genet) varied widely between populations, from 2 (Huachuca Canyon) to 9 (Haunted Canyon), and increased
with tree size within 4 of 9 populations. Population size structure varied across a gradient of watershed area. Populations
along streams draining the largest watersheds had an abundance of small trees (mean trunk diameter of <10 cm), while
those at headwater sites were dominated by mature trees with trunk diameter ≤190 cm and age ≤235 years. These
observations suggest that population structure of P. wrightii is influenced by temporal as well as spatial differences in
stream flow regimes.
Key words: Platanus wrightii, floods, riparian habitat, seedling establishment, age structure, ramet.

Population dynamics of many riparian tree
species are influenced by flood disturbance
(Duncan 1993, Hughes 1994, Scott et al. 1996,
Cordes et al. 1997, Timoney et al. 1997, Rood
et al. 1998, Sakai et al. 1999). Patterns of riparian tree mortality and establishment vary
widely depending on frequency, magnitude,
timing, and duration of floods (Poff et al.
1997). In arid regions flood patterns are highly
variable between and within years, and flood
flows can be very large relative to base flows.
Large floods cause mortality of riparian trees
by eroding sediments from root zones and
uprooting trees, breaking plant stems or burying them with sediment, and causing mass
wasting of flood plains. Floods also intermittently create conditions that allow establishment of pioneer species by changing channel
and flood plain geomorphology, clearing competing vegetation, and moistening frequently
dry flood plain surfaces.
Hydrologic and geomorphic controls on
establishment of Populus fremontii and Salix
gooddingii, the dominant pioneer species of
Sonoran riparian deciduous forests, are fairly

well understood. Both P. fremontii and S. gooddingii disperse short-lived seeds in spring and
have narrow windows of opportunity for
seedling establishment (Horton et al. 1960,
Shafroth et al. 1998). Establishment of these
species depends on winter floods to erode or
deposit alluvium, high spring stream flows to
moisten seed beds, and slowly receding flood
waters to allow seedling roots to remain in
contact with declining groundwater. Large
winter floods of long duration can extensively
widen channels and facilitate large-scale replenishment of Populus-Salix stands (Stromberg
1997, Stromberg et al. 1997, Mahoney and
Rood 1998). Along some perennial to intermittent alluvial rivers in the Sonoran Desert,
flood sequences that allow establishment of
P. fremontii occur approximately once every
7–10 years. These generally do not occur regularly over time (Stromberg et al. 1991,
Stromberg 1998). Establishment frequency
varies among rivers, and some populations are
dominated by a single age cohort (Everitt 1995).
Rates of population turnover appear to be
higher on lower reaches of rivers, as suggested

1Plant Biology Department, Arizona State University, Tempe, AZ 85287-1601.
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by patterns of decreasing tree age with decreasing elevation (Stromberg and Patten 1992,
Stromberg 1998).
Less is known about establishment patterns
of Platanus wrightii, a dominant species of
warm-temperate riparian deciduous forests in
the southwestern United States and northern
Mexico (Brown 1994). Platanus wrightii occurs
in Arizona, New Mexico, western Texas, and
northern Mexico at elevations of approximately 400–2000 m (Kearney and Peebles
1960). At lower elevations P. wrightii co-occurs
with Populus fremontii and Salix gooddingii. At
higher elevations it grows with Populus angustifolia and Alnus oblongifolia, among other
species. Floods are a primary disturbance factor
that structures these warm-temperate riparian
plant communities (Campbell and Green 1968).
Floods occur during late summer after convective thunderstorms, during winter and spring
after Pacific frontal rainstorms and snow, and
occasionally in fall as a result of dissipating
tropical storms.
Life history traits of P. wrightii suggest that
it is adapted to disturbance. Each year trees
produce many small seeds (achenes) with
tufted hairs that are suited to wind dispersal.
Seeds persist in clusters of 2–4 round balls
(multiple achenes), each about 2.5 cm in diameter, that gradually become detached from the
tree throughout fall, winter, and spring. Seeds
ripen in November, germinate in April or May
following several weeks of winter stratification, and lose viability about 6 months after
maturation (Zimmerman 1969, Bock and Bock
1989, Brock 1994). Platanus occidentalis, a
species that occurs in eastern North America,
germinates at high rates on bare mineral soil
exposed to high light intensities (Fowells 1965,
Sigafoos 1976), and the same may be true of P.
wrightii.
Platanus wrightii reproduces vegetatively
as well as by seed. Shanfield (1984) suggested
that Platanus racemosa, a California species
that is closely related to P. wrightii, may maintain its population size by relying on vegetative reproduction. However, factors that stimulate production of vegetative sprouts (ramets)
by P. wrightii are not known. Along one stream
in southern Arizona, Glinski (1977) found no
correlation between P. wrightii sprout densities
and several parameters including percentage
of canopy dieback, soil texture, and distance to
stream channel. In other woody species ramet

171

production has been shown to be stimulated
by a variety of factors including disturbance
and changes in resource availability (Ischinger
and Shafroth 1995).
My objective was to determine the influence of temporal and spatial variability in
stream flow regimes on establishment processes and population size structure of P.
wrightii. I hypothesized that P. wrightii seedlings would establish episodically in response
to flood disturbance and that establishment
would occur in years with large winter floods
and high spring flows, similar to patterns for
P. fremontii and S. gooddingii. I expected that
recruitment frequency and abundance of
young trees would increase along a downstream gradient as drainage area, flood magnitude, and channel instability increased. I also
hypothesized that ramets would establish
more frequently than seedlings and that production of ramets would increase during years
with above-average stream flow.
MATERIALS AND METHODS
Study Sites
Nine Platanus wrightii study sites were
selected along 7 rivers in southern and central
Arizona (Table 1). Each site spans a river
length of 1–3 km. At 7 of the sites, data were
collected on tree age and population size
structure; at 2 sites (Sycamore Creek–Round
Valley and Huachuca Canyon), data were collected only on size structure. The Haunted
Canyon and Pinto Creek sites were combined
for some analyses, as were the Sycamore
Creek–Bushnell and Sycamore Creek–Work
Station sites. Some sites were selected because
they allowed investigation of other biohydrology relations of P. wrightii, including relationship of groundwater level to bioproductivity
(Stromberg 2001a). Other sites were added to
provide a wide range of watershed sizes and
elevations.
The streams mainly flow through alluvial
sediments that are readily reworked by flood
flows; there also are areas within sites where
channel morphology is controlled by exposed
bedrock. Platanus wrightii is a dominant species
at all sites. Riparian ecosystems at the low-elevation study sites are bordered by Sonoran
desertscrub and interior chaparral; those at
higher elevations are bordered by desert
grassland, Great Basin conifer woodland, and
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TABLE 1. Description of study sites.
Site name
Oak Creek
Sycamore Creek–Round Valley
Sycamore Creek–Bushnell
Sycamore Creek–Work Station
Pinto Creek
Haunted Canyon
Garden Canyon
Ramsey Canyon
Huachuca Canyon

Land owner

Elevation
(m)

Watershed
area (km2)

Red Rock State Park
Tonto National Forest
Tonto National Forest
Tonto National Forest
Tonto National Forest
Tonto National Forest
Fort Huachuca (DOD)
The Nature Conservancy
Fort Huachuca (DOD)

1171
718
1040
1090
976
988
1600
1739
1650

770
230
133
115
84
43
30
13
13

Madrean evergreen woodland (Brown 1994).
Sycamore Creek is in the Mazatzal Mountains
of central Arizona. Study sites are on Tonto
National Forest land. The Sycamore Creek–
Bushnell site experienced heavy recreational
use and was grazed by domestic livestock. The
grazing regime was changed from year-round
to winter-only use in the early 1990s. Recreational impacts (mainly camping and hiking)
were concentrated on higher flood plains and
at river crossings. The Sycamore Creek–Work
Station site is in a cattle grazing exclosure, but
it was used as a pasture for horses. Stream
flow is spatially intermittent, with short segments of perennial flow interspersed with
intermittently flowing segments. Mean annual
discharge at Sycamore Creek is 0.5 m3s–1.
Pinto Creek and its tributary Haunted Canyon are in the Pinal Mountains of central Arizona. Study sites at these 2 rivers are on Tonto
National Forest land and were grazed by
domestic livestock (cattle). Stream flow is spatially intermittent.
Oak Creek, on the southern escarpment of
the Colorado Plateau, is the largest of the
study streams. The study site is in Red Rock
State Park, which was established in 1986.
The park lands are managed for natural area
values, recreation, and environmental education. The area has not been grazed by livestock since about the 1950s. Oak Creek has
perennial flow and a mean annual daily discharge of 2.8 m3s–1.
Garden Canyon, Huachuca Canyon, and
Ramsey Canyon are in the Huachuca Mountains of southeastern Arizona. None of the
Huachuca Mountain study sites has been
grazed by domestic livestock for several decades. Garden Canyon and Huachuca Canyon
are located on Fort Huachuca military base.

Ramsey Canyon is managed as a natural area
by The Nature Conservancy. Stream flow was
diverted from Garden Canyon in the early
part of the 20th century for use by military
personnel prior to the shift to groundwater as
a water source. During the late 19th century
and early 20th century, Ramsey Canyon harbored a sizable, but short-lived, town during
an active period of mining in southeastern
Arizona. These 3 headwater streams are in
narrow mountain canyons and have narrower
riparian corridors than the central Arizona
study sites. Garden Canyon has spatially intermittent stream flow and mean annual discharge of 0.03 m3s–1. Stream flow is temporally intermittent at Ramsey and Huachuca
canyons.
Tree Age and Population
Size Structure
Slabs or increment cores were collected
from over 500 Platanus wrightii trees. Slabs
and cores were collected when trees were
dormant (1996, 1997, or 1998, depending on
site) in 4 to 9 belt transects per site. The belts,
approximately 10 m wide, extended from the
channel to the edge of the riparian zone.
There was age zonation at most sites, with
young stands of dense trees close to the channel and sparse stands of older trees farther
away. All live P. wrightii in the belts were measured for diameter at breast height (dbh). Cores
or slabs were taken from trees in all apparent
size classes. If trees were <4 cm in stem diameter, pruning clippers were used to clip slabs
near the ground surface. For trees >4 cm
diameter, increment borers were used to collect cores at 0.1–0.2 m above the ground surface. One to 4 replicate cores were collected
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per tree, with the larger numbers of cores
being collected if first attempts did not penetrate the center of the tree. Very large trees
were underrepresented in the samples. Some
of the largest trees had hollow interiors or
extensive heart rot, and cores were not collected. Interior portions of some of the collected cores also showed evidence of decay
and were discarded. Those that did not have
heart rot and that had rings that extended to
the center of the tree were retained for analysis. This group of usable cores and slabs
encompassed 104 from Garden Canyon, 42
from Ramsey Canyon, 228 from Sycamore
Creek, 114 from Haunted Canyon/Pinto Creek,
and 92 from Oak Creek. Sample size was small
at Ramsey Creek because there were very few
trees in small size classes.
Trees were classified as to seed origin
(genets) or sprout origin (ramets). Ramets were
distinguished from genets based on their position (arising from the base of a larger tree or
within a few meters of the base), size, and location within the flood plain (i.e., there was apparent age zonation at the sites, with seedlings
located along channel edges and larger trees
with associated small sprouts on flood plains
farther from and above the channel). In most
cases the origin of the trees was clear. At many
sites there were stands of small, singletrunked trees, distributed in nonaggregated
fashion along the stream channel; these were
classified as genets. Some of these young trees
had smaller stems arising from their bases;
these were classified as ramets. Some of the
larger trees were single-trunked and were
classified as genets. More often the large trees
occurred in clumps or aggregations. The
largest tree within the clump was classified as
a genet. Small-diameter stems arising from the
base of the larger tree or emerging from the
ground and forming a ring around the larger
tree were classified as ramets (Glinski 1977).
Most ramets arose directly from or just above
the base of parent trees. Older genets generally were widely spaced on the flood plain and
surrounded by a ring of smaller ramets. In
some cases, however, there was a circle of
trees of relatively similar size. Tree aging indicated that in some cases one of the trees in the
circle was older than the others, in which case
it was classified as a genet. In cases where all
trees in the circle were of similar age, all were
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classified as genets. Some of these may have
been ramets from a long-dead parent tree and
may be incorrectly classified. Also, some trees
classified as genets may have arisen from
buried branches of old trees (Bock and Bock
1989). Analysis of covariance (tree age as
covariate, tree dbh as dependent variable) was
conducted to determine if there were significant differences in size and thus growth rate
between genets and ramets. These analyses
were conducted within sites, stratified by
stream flow reach type. These analyses indicated that there were significant differences
between groups, with ramets growing significantly slower than genets (Table 2).
In the laboratory, cores were glued to wood
mounts and some slabs were re-sawn to produce smooth surfaces (Stokes and Smiley 1968).
Cores and slabs were sanded with a belt sander
using a graded series of sandpaper (100–600
grit) and viewed under a dissecting microscope to mark (score) the annual rings. After
scoring, annual rings were measured for annual
ring width with a Bannister-type automated
measuring system. Site chronologies were generated by successively cross-dating within trees
(using the replicate cores) and then between
trees within sites. Trees were aged by counting annual rings. For the majority of young
trees (Figs. 1, 2, 3), the core contained the center of the tree (as indicated by the presence of
the persistent pith that is produced in the initial growing season), allowing for precise aging.
In other cases the core was slightly off center.
These trees were aged by estimating distance
from the end of the core to the tree center (in
cm), calculating average annual growth rate
for the oldest section of the increment core,
and adding to the annual ring count the estimated number of years to reach the center of
the tree. Regression analyses showed high
correspondence between annual radial growth
and annual stream flow rate and air temperature, providing confirmation that rings were
correctly scored (Stromberg 2001b). Age of the
largest uncored trees at the sites was estimated
from reach-specific regression equations that
predicted age from dbh (Table 2).
Data Analysis
Forward-stepping multiple regression analysis was used to identify hydrologic factors
associated with seedling and sprout establishment years for the 3 populations (Sycamore
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TABLE 2. Regression equations predicting age (years) from trunk diameter (dbh in cm) of Platanus wrightii. All regression models are significant at P < 0.05.

Ramsey Canyon
genets*
ramets
Garden Canyon
genets*
ramets
Oak Creek
genets*
ramets
Haunted Canyon
genets*
ramets
Pinto Creek (perennial)
genets*
ramets
Pinto Creek (intermittent)
genets*
ramets
Sycamore Creek–Work Station (intermittent 1)
genets*
ramets
Sycamore Creek–Work Station (intermittent 2)
genets
ramets
Sycamore Creek–Bushnell Tanks (perennial)
genets*
ramets
Sycamore Creek–Bushnell Tanks (intermittent 1)
genets*
ramets
Sycamore Creek–Bushnell Tanks (intermittent 2)
genets*
ramets

Regression equation

n

r2

y = 1.22x + 10.5
y = 1.79x + 16.1

16
26

0.67
0.45

y = 1.71x + 1.1
y = 2.51x – 6.6

46
55

0.77
0.76

y = 1.84x – 2.2
y = 2.25x – 0.2

38
54

0.70
0.80

y = 1.79x + 11.7
y = 2.70x – 6.4

17
23

0.79
0.84

y = 1.91x – 3.9
y = 2.38x – 1.4

23
21

0.90
0.90

y = 2.32x + 3.9
y = 3.13x – 1.6

12
18

0.83
0.95

y = 2.11x – 8.6
y = 3.13x – 3.5

24
15

0.69
0.87

y = 3.24x – 13.0
y = 3.82x – 16.6

23
15

0.75
0.87

y = 1.61x – 6.0
y = 2.15x – 3.6

22
20

0.77
0.84

y = 1.84x – 5.7
y = 2.05x + 1.5

24
17

0.81
0.75

y = 3.11x – 15.8
y = 3.54x – 5.2

32
36

0.89
0.85

*Significant difference between genets and ramets at P < 0.05, ANCOVA

Creek–Bushnell and Work Station, Oak Creek,
and Haunted Canyon/Pinto Creek) located
near long-term United States Geological Survey
(USGS) stream gages. The independent variables in the analyses were mean quarterly discharges (mean daily flow during October
through December, January through March,
April through June, and July through September), mean annual discharge during the water
year, size of the largest winter flood (October
through March), size of the largest summer
flood (April through September), and size of
the largest respective winter and summer
floods during the preceding 3-year period.
The following stream flow chronologies were
used in the analyses: 1962–1996 for Sycamore
Creek, 1981–1996 for Haunted Canyon/Pinto
Creek, and 1949–1996 for Oak Creek. Data
for the Sycamore Creek analysis were from
the Sycamore Creek Fort Mcdowell gage
(09510200), 20 km downstream of the study

site. The Sycamore Creek Sunflower gage
(09510150) is closer to the site, but stream
flow data were collected only for 1962–1976.
Mean annual flow rates and peak annual flood
sizes at the Fort Mcdowell and Sunflower
gages are highly correlated (r = 0.97 and r =
0.94, respectively, n = 15 years of overlapping
record). Peak annual flows average about 25%
higher at Fort Mcdowell than at Sunflower.
Data for the Haunted Canyon/Pinto Creek
analysis were from the nearby Pinal Creek
Inspiration Dam gage (09498400). Oak Creek
stream flow data were from the Cornville gage
(09504500), located 8 km downstream of the
study site.
The dependent variable in the regression
analyses was categorical. A value of 1 was
assigned to establishment years and a value of
zero to nonestablishment years. Number of
trees per establishment year was not used as
the dependent variable to avoid confounding
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Fig. 1. Size of largest recorded flood during winter
(October–March) and summer (April–September) at Oak
Creek (USGS gage 09504500), 1949–1996. Also shown are
numbers of aged Platanus wrightii genets dating from this
period. Black portions of the bars indicate trees for which
at least one core or slab penetrated the center of the tree;
gray portions indicate trees with cores that were slightly
off center.

demographic effects such as age-dependent
mortality processes. Regression analyses were
conducted separately for genets and ramets.
Analyses were conducted using only those
trees that were clearly distinguishable as ramets or genets. Two sets of analyses were conducted for each to test the robustness of the
results. For one of the analyses, the data set
was based on all of the aged trees. For the
other a year was classified as an establishment
year only if at least 2 trees dated from that
year. The analyses were based on 22 genets
and 26 ramets that established during the 16year period of analysis for Haunted Canyon/
Pinto Creek, 85 genets and 70 ramets from
Sycamore Creek (35-year period), and 12 genets
and 45 ramets from Oak Creek (48-year period).
Population Size Structure
Population size structure data were collected at all 9 sites to allow examination of
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Fig. 2. Size of largest recorded flood during winter
(October–March) and summer (April–September) at Pinal
Creek (USGS gage 09498400), 1981–1996. Also shown are
numbers of aged Platanus wrightii genets from nearby
Haunted Canyon and Pinto Creek.

changes across a gradient of watershed area.
Watershed area was presumed to be a surrogate for flood magnitude, given that rivers situated lower in the watershed collect runoff
over a much larger area (Ribeiro and Rousselle 1996). At each site stem diameter (dbh) of
all living P. wrightii was measured in a minimum of 4 belt transects spanning the riparian
corridor. The number of ramets per genet (i.e.,
number of trees per cluster) was counted for a
minimum of 25 genets per site.
Pearson’s correlation coefficient was calculated to determine whether mean trunk diameter of the P. wrightii population, diameter of
the largest measured tree, and mean ramet
density per genet were significantly related to
log-transformed watershed area. Watershed
area was measured from USGS 15- or 7.5minute topographic maps or obtained from
published USGS records. Pearson’s correlation coefficient also was calculated to test for
significant relationship between tree size (dbh)
and ramet density within sites. SYSTAT 7.0
and 8.0 were used for all statistical analyses.
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Fig. 4. Mean daily flow during the water years 1986–
1996 at Sycamore Creek (USGS gage 09510200).

Fig. 3. Size of largest recorded flood during winter
(October–March) and summer (April–September) at
Sycamore Creek (USGS gage 09510200), 1962–1996. Also
shown are numbers of aged Platanus wrightii genets.

RESULTS
Flood-flow Patterns
Annual discharge and size of winter and
summer floods in the study rivers varied considerably over time. At all sites there were
several large winter floods in recent decades.
Winter floods during the 1992–93 El Niño
event were particularly large and long. At Oak
Creek the 2 largest recorded floods occurred
in February 1993 (instantaneous peak discharge of 736 m3s–1) and February 1980 (748
m3s–1), both of which resulted from rain on
snow (Fig. 1). According to USGS records, a
very large flood also occurred in March 1938
in Oak Creek, for which discharge was not
recorded. At Pinal Creek the 1993 flood was
the largest during the past 2 decades, with a
peak flow rate of 161 m3s–1 in January (Fig. 2).
The largest recorded flood in Sycamore Creek
occurred in September 1970, with a flow rate
of 685 m3s–1 (Fig. 3). The largest winter flood
at Sycamore Creek occurred in March 1978,
with a flow rate of 501 m3s–1. Peak flow during
winter 1993 ( January) was 399 m3s–1. At Gar-

den Canyon the 2 largest recorded floods during the short period of stream flow data collection (1959–1965, 1993 to present) occurred in
February 1995 (1.6 m3s–1) and July 1964 (1.6
m3s–1; data not shown).
During years with large winter floods, such
as 1993, stream flows tended to be high throughout the spring season (Fig. 4). Total annual discharge also was higher than average during
years with winter floods. At Sycamore Creek,
for example, peak winter flood size was significantly correlated with January–March discharge (r = 0.90, n = 35), April–June discharge
(r = 0.88), and mean annual discharge (r =
0.86, n = 35, P < 0.05). Peak summer flood size
was not significantly correlated with annual discharge (r = –0.18, n = 35).
Summer floods generally were small or
absent during years with large winter floods.
Correlations between log-transformed sizes of
the largest winter and largest summer flood
were significantly (P < 0.05) negative at Oak
Creek (r = –0.68, n = 48), Sycamore Creek (r
= –0.43, n = 35), and Pinal Creek (r = –0.59,
n = 16). Compared to winter floods, summer
floods tended to have low mean daily flow rate
relative to their instantaneous peak flow rate,
reflecting their tendency to be “flashy.” For
example, the linear regression equation predicting mean daily discharge from instantaneous peak flow rate in Pinal Creek has a
lower slope for summer floods (y = 0.086x –
0.67; r2 = 0.54, n = 12) than for winter floods
(y = 0.63x – 12.8; r2 = 0.94).
Seedling Establishment
Patterns
Platanus wrightii seedlings established
episodically (Figs. 1, 2, 3). Establishment events

2002]

FLOOD FLOWS AND POPULATION DYNAMICS

177

TABLE 3. Multiple regression models predicting Platanus wrightii seedling establishment years from hydrologic variables. For the conservative data set, establishment years were based on a minimum sample size of 2 trees per year.
Model r2

Model variables

Direction of
correlation

P value

SYCAMORE CREEK
All genets
Conservative data set

0.27
0.29

Annual flow rate
Winter flood size (3 yr)
Summer flood size

+
+
–

<0.01
<0.01
0.09

OAK CREEK
All genets

0.36

Winter flood size (3 yr)
Oct–Dec flow rate
Winter flood size (3 yr)

+
+
+

<0.01
0.03
<0.01

Winter flood size (3 yr)
Oct–Dec flow rate
July–Sept flow rate
Winter flood size (3 yr)
July–Sept flow rate

+
+
+
+
+

<0.01
0.01
0.02
<0.01
0.04

Conservative data set
HAUNTED CANYON/PINTO CREEK
All genets
Conservative data set

0.21
0.69
0.81

did not occur regularly over time. At all sites
there were periods of over a decade with
no apparent establishment: no establishment
occurred, no survivors remained, or the trees
were too sparse to be detected in the sample
of cored trees. For all 3 populations analyzed,
winter flood size (over the prior 3 years) was a
significant component of the multiple regression models that predicted seedling establishment years (Table 3). Annual discharge, winter-season discharge, and summer-season discharge were components of the models for at
least a single population. Summer flood size
(negative influence) was a component of 1 of
the 2 seedling establishment regression models for Sycamore Creek.
During the 35-year period of hydrologic
analysis (1962–1996) at Sycamore Creek, there
were 13 establishment years (Fig. 3). In 12 of
these 13 years, there was a winter flood but no
summer flood. The winter flood was large (at
least 150 m3s–1) in 7 of these years. All establishment years occurred within 3 years of a
large winter flood. Not all years with winter
floods were establishment years: there were 2
years (1968 and 1978) with large winter floods
but no establishment. None of the years with
large or small summer floods were establishment years for P. wrightii at Sycamore Creek.
At most sites there was a pattern for clusters of establishment years to alternate with
quiescent periods. This pattern was particularly strong at Sycamore Creek. A wave of 8
consecutive establishment years began in the
winter flood year of 1979 and extended through
1986, with the largest establishment pulse in

1983. Seedlings at this site also established
abundantly in 1991, 1993, and 1995, all of
which were wet years with relatively large winter or spring floods and small or absent summer floods (Fig. 4). The 1993 and 1995 saplings
were abundant along channel margins that
had been eroded and widened by flood waters.
In some areas the 1993 and 1995 cohorts were
spatially intermingled. In other areas the 2
cohorts formed distinct bands, with the 1995
cohorts being closer to the channel.
Platanus wrightii also established frequently at Sycamore Creek in the late 1920s
and early 1930s and the 1860s through the
1900 decade (Fig. 5). The oldest cored genet at
Sycamore Creek was approximately 207 years,
having established during the 1780s. The 3
largest trees measured at the Sycamore Creek–
Bushnell and Work Station sites (111, 113, and
131 cm dbh) had predicted ages of 175–200
years, based on extrapolation of age-dbh regression equations (Fig. 7, Table 2). The largest
and oldest P. wrightii at these sites ranged up
to 50 m from the stream channel.
At Haunted Canyon/Pinto Creek, 6 establishment years occurred during the 16-year
period of hydrologic analysis (Fig. 2). Four of
these 6 years (1983, 1985, 1993, 1995) had
winter floods but no summer floods. One
(1984) had a winter flood and a summer flood.
A small number of plants established in 1994,
which had a small summer flood and came
immediately after the 1993 flood-of-record.
Another active period of seedling establishment at Haunted Canyon and Pinto Creek
occurred in the 1900s through 1930s (Fig. 5).
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Fig. 5. Age structure histograms for Platanus wrightii
genets at Oak Creek, Sycamore Creek, Haunted
Canyon/Pinto Creek, Garden Canyon, and Ramsey
Canyon. The x-axis extends from 1760 through 1996.

The oldest cored genet was 200 years (established in the 1790s) and had a dbh of 92 cm.
Extrapolation of site-specific age-dbh regression equations yielded ages of 250–310 years
for the largest trees at these sites (127, 134,
and 160 cm dbh).
In the 48-year period of hydrologic analysis
(Fig. 1) at Oak Creek, 7 establishment years
occurred. Six of these were in years with winter floods, 5 of which (1952, 1967, 1979, 1993,
1995) had very large floods. No flood occurred
in the establishment year of 1994. Only 1 (1985)
of the 7 establishment years had a summer
flood, and it was small. Over 20 years had winter floods but no detected establishment. Many
of the establishment years at Oak Creek overlapped with establishment years at the 2 other
central Arizona sites.
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Many of the Oak Creek trees established in
the 1930s and early 1940s (Fig. 5). The large
spring flood of 1938 may have facilitated
establishment of some of the trees in this regeneration pulse. The oldest trees cored at
this site established in the 1830s (age of
approximately 160 years). The largest uncored
trees at the site (60–75 cm) had predicted ages
of 100–135 years.
At Garden Canyon several trees established
during the 1970s and 1980s (e.g., 1973, 1978,
1983; Fig. 5), similar to patterns observed at
the central Arizona sites. However, saplings
from 1993 or 1995 were not present. Among
older cohorts trees established fairly frequently during the 1870s, 1880s, and 1890s. The
oldest tree cored at Garden Canyon had a dbh
of 122 cm and an estimated age of 175 years
(established ca 1766). The largest measured
tree at Garden Canyon had a dbh of 139 cm
and a predicted age of 215 years.
At Ramsey Canyon roughly 5 decades have
elapsed since the last establishment year of
1952 (Fig. 5). Many of the trees at Ramsey
Canyon established during the 1930s and between 1880 and 1915. The oldest cored tree at
Ramsey Canyon had a dbh of 162 cm and an
age of approximately 235 years (established in
the 1760s). The largest tree measured at Ramsey had a dbh of 194 cm and a predicted age
of 250 years.
Ramet Establishment Patterns
Ramets established more frequently than
seedlings (Fig. 6) and were more abundant
than genets in all populations. In some cases
periods that were favorable for seedling establishment were also favorable for ramet production. In other cases ramets established
during times when seedlings did not. For
example, during the 1950s several ramets but
few genets established at Haunted Canyon/
Pinto Creek and at Oak Creek. Neither ramets
nor genets established at Sycamore Creek in
the 1950s. All recent recruitment at Ramsey
Canyon has been due to ramets.
Multiple regression models significantly
predicted ramet establishment years for the 2
populations (Table 4). However, ramet models
explained less variance than did seedling
establishment models, and there were no consistent trends between populations in terms of
influential hydrologic variables. Among populations, hydrologic correlates of ramet production
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Fig. 6. Age structure histograms for Platanus wrightii
ramets at Oak Creek, Sycamore Creek, Haunted Canyon/
Pinto Creek, Garden Canyon, and Ramsey Canyon. The
x-axis extends from 1760 through 1996.

included winter flood size, spring-season stream
flow rate, and summer dry-season stream flow
rate.
Population Size Structure
Mean stem diameter of the P. wrightii population (inclusive of ramets and genets; Table
5) declined as watersheds became larger (r =
0.78, n = 9, P < 0.05). At Oak Creek, which
drains a watershed of >700 km2, most trees
were <10 cm in diameter (Fig. 8). At the 3
sites draining watersheds of ≤30 km2 (all of
which are in the Huachuca Mountains), the
mean diameter of P. wrightii stems was >30
cm. At Ramsey Canyon (13-km2 watershed),
most trees were in the 41–50 cm dbh class,
and only 7% had stems with diameters <10
cm. Maximum tree size also declined among
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Fig. 7. Trunk diameter vs. age for Platanus wrightii at
Oak Creek, Sycamore Creek, Haunted Canyon/Pinto
Creek, Garden Canyon, and Ramsey Canyon. Data are
shown separately for genets and ramets.

sites as watershed size increased (r = 0.79, n
= 9, P < 0.05).
Among the 9 sites sampled for population
size structure, mean number of live ramets
per genet ranged from 1.9 to 8.6 (Table 5).
Ramet density was not significantly related to
watershed size (r = 0.38, n = 9, P > 0.05).
Within sites, ramet density increased significantly with genet size for 4 of 9 populations.
The relationship between ramet density and
genet size appeared to be curvilinear at many
sites, with ramet density declining for the
largest trees (Fig. 9). Trees of intermediate size
(40–80 cm dbh) generally produced the most
ramets. Most ramets on ramet-rich trees were
small (<1 m tall) and young (1–3 years old;
Fig. 10). Mortality rates for small ramets
appeared to be high, based on observations
of large numbers of small, dead ramets. Two
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TABLE 4. Multiple regression models predicting Platanus wrightii sprout establishment years from hydrologic variables.

SYCAMORE CREEK
All ramets
Conservative data set
OAK CREEK
All ramets
Conservative data set
HAUNTED CANYON/PINTO CREEK
All ramets
Conservative data set

Model r2

Model variables

Direction of
correlation

P value

0.25

Winter flood size
Oct–Dec flows
Annual flow rate
April–June flow rate

+
–
–
+

<0.01
0.05
0.04
<0.01

—
0.13

Model not significant
Jan–Mar flow rate

+

0.01

0.33
—

July–Sep flow rate
Model not significant

–

0.02

0.31

outliers are not shown on the graphs. One tree
at Oak Creek with a dbh of 73 cm had 126
ramets. Another at Haunted Canyon (91 cm)
had 137 ramets. Some trees with abundant
ramets showed signs of canopy dieback.
DISCUSSION
Seedling Establishment
Processes

Fig. 8. Size structure histograms (10-cm dbh increments)
for 5 populations of Platanus wrightii. Values on the x-axis
indicate the upper range of the size class (i.e., 20 indicates
trees with dbh of 11 to 20 cm). Plots are shown in order of
descending watershed size.

Relationships between flood flow patterns
and seedling establishment of P. wrightii were
similar in many ways to those of dominant pioneers of lower-elevation Sonoran riparian
forests. Like Populus fremontii and Salix gooddingii, P. wrightii established episodically, mainly during years with large winter floods and
high spring-season stream flows. Large winter
floods do the geomorphic “work” that creates
seedling safe sites (sensu Harper 1997) by
scouring vegetation, eroding sediments, depositing fresh alluvium, or exposing the bare
mineral soil that stimulates high rates of germination (Sigafoos 1976). High spring stream
flows that typically follow large winter floods
serve to moisten seeds and provide adequate
water for seedling growth, not always available
in these small streams that vary widely in
annual flow rates (Sacchi and Price 1992).
Stream flows in 1993 and 1995, for example,
remained high throughout spring and summer,
presumably providing the moisture that allowed
high seedling survivorship. At several study
sites, including Sycamore Creek and Haunted
Canyon, P. wrightii saplings from 1993 and
1995 were intermingled with Salix bonplandiana, S. gooddingii, and P. fremontii in the
recruitment zones (Fig. 11), indicating a high
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TABLE 5. Population size structure variables. Sites are listed in descending order of watershed size.

Site name
Oak Creek
Sycamore Creek–Round Valley
Sycamore Creek–Bushnell
Sycamore Creek–Work Station
Pinto Creek
Haunted Canyon
Garden Canyon
Ramsey Canyon
Huachuca Canyon

Mean
ramet
density
(no./genet)

Mean
trunk
diameter
(cm)

Maximum
trunk
diameter
(cm)

Correlation
coefficient,
ramet density
vs. genet size
(r value)

6.9
1.9
5.2
4.2
8.3
8.6
3.6
2.4
2.3

9
8
12
10
15
10
35
60
31

75
23
131
67
160
134
133
194
186

0.43*
0.13
0.34
0.08
0.23
0.49*
0.32*
0.07
0.34*

*Significant correlation between ramet density and genet size at P < 0.05

degree of similarity in regeneration niches
among these species. The combination of
large winter floods and cool wet springs also
creates favorable regeneration conditions for
Populus angustifolia, a member of the cooltemperate deciduous riparian forest assemblage (Baker 1990).
House and Hirschboeck (1995) describe the
1993 floods as one of the most severe winter
flooding episodes in Arizona history, surpassed
only by large floods in the 1890s. Regionally,
floods were also very large in 1983 and the
early 1900s. Large winter floods can extensively modify stream channels and flood plains
(Hooke 1994). Floods that are large enough to
extensively rework channel and flood plain
sediments can facilitate a multi-year wave of P.
wrightii establishment. Multi-year post-flood
establishment also has been documented for
Populus deltoides subsp. monilifera along the
Missouri River in Montana (Scott et al. 1997).
This differs somewhat from the pattern for P.
fremontii along the larger alluvial desert rivers
in Arizona, where high rates of sedimentation
can quickly render the flood plain recruitment
zones unsuitable for further seedling establishment. This sedimentation process did not
appear to be as evident in the P. wrightii study
streams, allowing flood-scoured zones to
remain suitable for establishment in ensuing
wet years.
Platanus wrightii establishment patterns
showed a high degree of temporal variation,
reflecting highly variable flood patterns both
in terms of season and year. Decades with
abundant establishment included the 1980s
and 1990s, 1920s and 1930s, and those just
before and after 1900. High variation in flood

Fig. 9. Ramet density as a function of genet trunk diameter for 5 populations of Platanus wrightii.
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Fig. 10. Small (above) and large (facing page) ramets of Platanus wrightii arising from the

patterns in semiarid regions, on decadal scales,
is largely due to influences of El Niño–Southern oscillation (ENSO) weather patterns
(Molles et al. 1992, Webb and Betancourt
1992). Swetnam and Betancourt (1998) note
that “the post-1976 period shows up as an
uprecedented surge in tree-ring growth
within millenia-length chronologies” of upland
trees in the southwestern United States and
reflects a post-1976 shift to the negative phase
of the Southern oscillation. The result of this

shift has been a high frequency of El Niño
years during the 1980s and 1990s, characterized by wet winters and large winter floods.
These hydrologic conditions have provided
opportunities for frequent and extensive
regeneration of P. wrightii, as well as Populus
fremontii and Salix gooddingii, in recent
decades (Stromberg 1998).
Platanus wrightii did not establish in response to summer floods. Monsoon-season
floods conceivably could create conditions suit-
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base of parent trees (photograph by J. Stromberg).

able for seedling establishment in late summer
or the following spring. Optimum germination
temperature for some P. wrightii is 27°C, consistent with early- or late-summer germination
(Siegel and Brock 1990). However, in a growth
chamber programmed to simulate field conditions, all P. wrightii seeds germinated in April
or May (R. Richter personal observation).
Summer floods arise due to localized convective thunderstorms and tend to have high
instantaneous peak flow rate but short dura-

tion. Compared to a winter flood of the same
instantaneous discharge, summer floods cause
less geomorphic change (Everitt 1995) and presumably do not moisten soils for a long period
after the flood peak. Thus, summer floods
probably do not frequently create suitable
establishment sites for P. wrightii.
Many years, and even one or more decades,
elapsed in which conditions apparently were
unsuitable for establishment of P. wrightii.
Some of these periods were characterized by
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Fig. 11. Flood-scoured stream channel with bands of Platanus wrightii and Populus fremontii seedlings that established
in 1993 and 1995 (photograph by J. Stromberg).

below-average stream flows. A severe drought
occurred in the American Southwest in the
1940s and 1950s (Shelton and Bahre 1993,
Swetnam and Betancourt 1998). This drought
probably contributed to sparse regeneration
by P. wrightii (Fig. 8).
Activity of convective summer thunderstorms and floods was high in some parts of
Arizona in the decades prior to the 1970s
(Webb and Betancourt 1992), perhaps also further contributing to the paucity of cohorts dating from the middle decades of the 1900s.
Summer floods have been reported to cause
mortality of P. wrightii seedlings and trees by
uprooting and scouring plants (Bock and Bock
1989). In this study there was a weak negative
correlation between summer flood magnitude
and P. wrightii seedling establishment for a
single population. This pattern may directly
reflect flood-caused seedling mortality, or may
reflect a climatic tendency for summer floods
to be small in years with large winter floods.
There was overlap among sites in seedling
establishment years, reflecting the trend for
winter storms and floods to occur region-wide.

However, although seedlings established during the 1993 and 1995 winter flood years at
central Arizona sites, they did not do so at
southeastern Arizona sites (Ramsey and Garden canyons). Regional differences in storm
tracks may have contributed to this pattern.
Between-site differences in stream size and
flood power also may have contributed. Populations of P. wrightii along small headwater
streams were dominated by old trees and had
few young trees. Downstream decreases in
mean or maximum tree age also have been
observed for Populus species (Stromberg and
Patten 1992, Stromberg 1998). These patterns
suggest that size of recruitment events and
rates of population turnover are greater on
larger streams.
Establishment processes of P. wrightii also
may have been influenced by domestic livestock and native herbivores. In some circumstances, livestock grazing can favor pioneer
woody plants by reducing abundance of herbaceous competitors and maintaining the community in an early successional state. Heavy
livestock grazing also can inhibit establishment
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of pioneer tree seedlings. Livestock grazing
has been identified as a factor contributing to
low abundances of P. wrightii seedlings and
saplings (Glinski 1977, Rucks 1984), although
Bock and Bock (1989) attribute the negative
effect to legacies of past heavy grazing (such as
channel incision) rather than to direct effects
of browse or trampling. This study was not
designed to assess effects of livestock grazing
on P. wrightii, in that there was no replication
of grazed and ungrazed sites within stream
flow regime or watershed size classes. Such a
study would be valuable, given the large number of riparian and upland sites on public and
private land that are grazed in the American
Southwest. This present study does highlight
the need to consider a suite of factors that
influence seedling establishment when assessing the effects of livestock management changes
on riparian vegetation. Spatial controls in
reference watersheds are important to allow
one to distinguish between land management
changes and weather-related influences. Without control sites it is difficult to know whether
increases or decreases in seedling numbers are
related to livestock management changes or to
changes in flood flow and low flow patterns.
Riparian tree age structure, or at least presence of seedlings and saplings, is one measure
of ecological health used by land managers to
assess impacts from livestock grazing (Prichard
et al. 1998). If examined for a larger number of
sites, relationships between P. wrightii size or
age structure and watershed area could provide a reference against which managers could
assess a particular P. wrightii population for
“healthy” structure. To be most useful to managers, the relationships between size/age structure and watershed area should be developed
within ecoregions and within flow regime
types, thereby taking into account additional
site factors that influence population dynamics
such as the relative contribution of summer
and winter flows to mean annual discharge.
For example, regeneration of P. wrightii may
be inherently less frequent along streams in
ecoregions with larger and more frequent
summer floods. Results of this study suggest
that dominance by old individuals is typical
for P. wrightii populations along some ungrazed
headwater streams. Thus, infrequent regeneration of P. wrightii at headwater sites may not
necessitate management concern. However,
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the contrast between Garden and Ramsey canyons, both of which are headwater streams in
the same ecoregion, suggests that some factor
may be reducing recruitment rates at Ramsey
Canyon. Deer browse, channel incision, dense
cover of Vinca major in the understory, and
canyon shade are factors that may be contributing to the lower abundance of young P.
wrightii at Ramsey Canyon compared to Garden Canyon.
Vegetative Reproduction
Platanus wrightii, like many riparian plant
species that live in temporally unpredictable
environments, reproduces by seed and vegetatively. Vegetative sprouts (ramets) comprised
over half of the P. wrightii stems in all populations. Ramet production may facilitate persistence of P. wrightii populations by allowing
regeneration during long periods that can
occur in which seedling regeneration needs
are not met. The large root and stem masses
that develop on old P. wrightii clones may provide a buffer against flood scour and perhaps
increase survivorship over nonclonal species.
Ramet production can be stimulated by
many factors, including disturbance, changes
in resource availability, and disease. For 2 P.
wrightii populations, ramet production was
associated with winter flood years and/or wet
springs, although these trends were not robust.
Flood debris can trigger sprouting in riparian
trees by causing wounding or stem removal
(Rood et al. 1994, Ischinger and Shafroth 1995).
Increased ramet production in years with wet
springs may be related to weather-induced
expression of anthracnose (Gnomonia platani).
Anthracnose is a systemic fungal disease that
is widespread in populations of P. wrightii and
other Platanus species (Svihra and McCain
1992). Cool, wet weather in spring increases
susceptibility to the fungus, resulting in canopy
dieback. During this study I observed many
trees with canopy dieback and other symptoms of anthracnose in 1995, a year with a
cool, wet spring. Many of these trees had an
abundance of young ramets. Thus, seedlings
and ramets both may establish in years with
wet winters and springs, although due to different mechanisms.
Ramet density varied substantially among
populations but was not significantly related to
watershed area. However, the positive correlation coefficient between the 2 variables was
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relatively high, warranting further investigation. To understand the causes of betweenpopulation variability in ramet densities, a
large number of sites should be studied to disentangle effects due to tree size and age. Tree
size influences ramet density and co-varies
with watershed size. Another factor that might
be examined is light availability. Ramet production is higher in open, sunny sites for
some, but not all, riparian trees (Shaw 1991,
Mishio and Kawakubo 1998). Ramet density
may be higher for P. wrightii growing in open
outwash plains or alluvial valleys than in narrow shady canyons.
Between-site differences in herbivory rates
may have contributed to some of the differences in ramet density among populations.
Managers at Ramsey Canyon have observed
deer browsing on the P. wrightii ramets and
noted that deer are very abundant in the Ramsey Canyon sanctuary. Deer browsing may
have contributed to the low numbers of ramets at Ramsey Canyon as well as to the lack of
correlation between ramet density and genet
size at this site.
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PATTERNS OF ENERGY ALLOCATION WITHIN FORAGERS
OF FORMICA PLANIPILIS AND POGONOMYRMEX SALINUS
Peter Nonacs1
ABSTRACT.—Foraging workers of Formica planipilis and Pogonomyrmex salinus were collected at various distances
from their colony by pitfall traps in the former species and by catching workers recruited to food at known locations in
the latter. In F. planipilis the number of larger workers increased in proportional representation to distance from the
nest. Larger workers also weighed relatively less with distance from the nest, indicating that energy or water allocated
for maintaining all foragers is patterned such that resource loss with forager mortality is minimized. However, the smallest size class involved in foraging shows the opposite pattern, with heavier individuals being found farther from the nest.
Thus, it is possible that smaller size classes function as mobile reserves of energy or water to maintain foraging activity
of larger classes at a distance from the colony. In P. salinus all sizes of workers were equally likely to be found at any distance. Foragers weighed significantly less than mound workers of the same head size, again suggesting resource conservation in provisioning foraging workers. Differences in patterns of energy allocation to foragers are discussed relative to
the species’ ecologies.
Key words: foraging, ants, Formica, Pogonomyrmex, body weight.

Ant colonies forage upon a potentially enormous array of food items that can have significant mortality risks in their collection. Thus,
natural selection may favor those diets that
best balance between collecting food and exposure to mortality risks. At a community level
this may lead to species partitioning their
habitat by prey size (Kaspari 1996) or activity
patterns (Savolainen and Vepsäläinen 1988,
1989). Within a species, combinations of morphological and behavioral responses are possible. Many species have polymorphic worker
castes that are distinctly different in size
(Hölldobler and Wilson 1991). Worker polymorphism can allow foragers to specialize on
particular types of foraging tasks, but such task
specialization according to caste is not universally observed (Traniello 1989, McIver and
Loomis 1993, Ferster and Traniello 1995).
In conjunction with morphology, behavioral adaptations can also increase the net benefits from foraging. One such behavior is to
preferentially forage in those areas that maximize net gain (as measured by colony growth
minus worker mortality; Nonacs and Dill 1990,
1991). A 2nd adaptation is for foragers to maintain lower reserves of valued resources, such
as food reserves (carbohydrates, proteins, or
lipids) and water in arid habitats. Two benefits

would follow from such a strategy. First, more
resources could be directly invested in colony
growth or sexual production. Second, fewer
resources would be lost with the death of any
forager.
The evidence suggests that foragers do, on
average, carry lower resource reserves than do
nonforaging workers. Porter and Jorgensen
(1981) found a consistent decline in body
weight of Pogonomyrmex owyheei workers
from the interior of nests, to those working on
the nest surface, and then to foragers. In Leptothorax albipennis lipid reserves closely correlate with behavioral roles such that foragers
are almost inevitably “lean” (Blanchard et al.
2000). Similarly suggesting that they carry less
food, Myrmica rubra foragers kept without
food died faster than nonforagers (Weir 1958),
and old foragers in Formica rufa died faster
than young ones (Rosengren 1977).
If it is adaptive for foragers to carry fewer
reserves than interior workers, it may also be
adaptive to have a finer-scale subdivision of
resources across foragers in relation to their
expected level of mortality risk. As an example,
risk could positively correlate with distance
traveled from the nest. Although no relationship should be expected to be invariant, on
average, it is probable that the farther an ant
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travels, the more likely it is to encounter predators or aggressive competitors and the greater
is its exposure to the elements. Also, the farther an ant is from its nest entrance, the more
chances it will have of becoming lost and
unable to return quickly to the nest if environmental conditions deteriorate. In addition to
differing levels of risk, the type of risk may
also affect patterns of resource distribution in
the forage caste. If the preponderance of forager deaths is likely to result from starvation
or dehydration, a “worker-conservative” strategy might be favored. In such a scenario, workers traveling the farthest may carry relatively
more food and water as insurance against getting lost or otherwise delayed in replenishing
their resources. However, if predation risk or
stochastic environmental events cause the preponderance of mortality, then colonies may
employ a “resource-conservative” strategy in
which those foragers most at risk carry the
least reserves.
Resources can be categorized in numerous
ways, but relevant to foraging, the important
distinction may be the extent to which the
particular resource can be rapidly increased or
exchanged across individuals. For example,
lipids are energy rich but relatively slow in
being converted to metabolic needs; also, they
cannot be exchanged by trophollaxis between
replete and starving foragers. Conversely, aqueous carbohydrates can be relatively quickly
metabolized or exchanged between workers
when needed. Thus, protein and lipids appear
to be shunted into colony growth, while colony
respiration and foraging activities are fueled
by carbohydrates (Brian 1973, Sudd 1987).
Indeed, foragers seem to have minimal fat reserves, which would conserve those particular
resources (Porter and Jorgensen 1981, Blanchard et al. 2000). Additionally, in xeric habitats water could be a critical resource for
which the above trade-off is important. With
more water, dessication deaths are minimized,
but each death results in a greater loss of
resources.
Patterns of food reserves among foragers
can be set and maintained by trophollaxis
between nestmates. Similar patterns could
also result without trophollaxis if workers left
the colony with energy reserves based on the
distance they expected to travel. Site specificity or allegiance in foragers is known from a
number of species (Rosengren 1971, Hölldobler
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1976, Rosengren and Sundström 1987, Traniello
1989, Fewell 1990, Gordon et al. 1992, McIver
and Yandell 1998). Thus, it is possible for a
forager to “know” how far it is going and how
long it is likely to forage and then to adjust
either its initial energy or water reserves. From
a colony standpoint of conserving resources or
workers, adjusting resource levels throughout
the territory or just at colony departure would
reflect the same overall goals. The former
mechanism might allow finer partitioning in
the patterns.
Testing the above scenarios requires measuring weights of unsuccessful foragers so as
to avoid confounding food reserves with food
to be returned to the colony. With this in mind,
I used 2 experimental methods to sample populations of foragers at various distances from
their colonies. In the first I set out pitfall traps
at specific distances and placed them in areas
likely to trap insect-scavenging workers. In
the 2nd method I set out food baits at measured distances and collected recruiting workers. The food (cracker bits) was attractive to
ants but could not be consumed on the spot.
The 2 methodologies differed in that the 1st
trapped ants that may have been continuously
foraging for some time, and the 2nd generally
captured ants that were recently recruited
from the colony and probably not foraging
immediately prior to recruitment. Wet weights
were measured as the best estimator of foraging reserves (water and carbohydrates dissolved therein).
STUDY AREA AND SPECIES
The experiments were conducted in May
1999 at the Sierra Nevada Aquatic Research
Laboratory (SNARL) in the Great Basin
Desert Province (Franklin and Dyrness 1973).
The site is at approximately 2000 m elevation,
and the weather during the study was generally warm (daytime highs 20–25°C) and sunny,
with no more than trace amounts of rainfall.
Vegetation at the site is dominated by sagebrush (Artemisia tridentata) and sparse grass
cover.
The study species were Formica planipilis
and Pogonomyrmex salinus (keyed from Wheeler
and Wheeler 1983). Formica planipilis is a
thatching ant that builds mounds of plant matter as part of its nests. Colonies often have
trunk trails leading to foraging sites where
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they collect honeydew. Individual foragers also
scavenge arthropods (McIver and Loomis 1993).
Pogonomyrmex salinus is a seed-harvester that
builds low gravel mounds. The species recruits
foragers to food sites but does not form wellmarked trunk trails like other species of seedharvesters (personal observation). Both species
are very common in the immediate vicinity of
SNARL.
For the study I marked out 11 nests of F.
planipilis and 8 nests of P. salinus that were
large, actively foraging, and had no conspecific
neighboring colony within 15–20 m in at least
one direction. None of the F. planipilis colonies
was within 200 m of a permanent water source.
Thus, captured F. planipilis workers were not
involved in water collection, and differences
in wet weight would not reflect encounters
with standing water. Several P. salinus colonies
all were within 20 m of a running stream.
However, because only workers recruiting to a
food source were collected, wet weight again
did not reflect water collection.
METHODS
Pitfall traps were laid out at distances of 1,
4, 7, and 10 m from the center of the mound
for each of the 11 F. planipilis colonies. The
traps were plastic trays with their sides coated
with Fluon. Stones were piled in the center of
the tray to provide shade from the sun. Ants
were collected from the traps in the morning
and late afternoon. Pitfall sites were located
away from trunk trails and bushes where foragers were actively collecting nectar or honeydew. Thatching ants appear to form strong site
allegiances that can be as restrictive as a single
bush (McIver and Yandell 1998). Thus, it is
likely that most ants trapped were scavenging
or otherwise patrolling the territory and not
aphid tenders or nectar transporters. On occasion new recruitment trails would form near a
trap, and many ants would be found in a sample. I released these ants and moved the trap.
When emptying the pitfall traps at 7 and 10 m,
I also collected some foragers from the immediate vicinity and placed them on the presumed nest mound. If they were not attacked,
I assumed the collected workers in the traps
belonged to the marked colony. If attacked, I
released any caught ants and moved the traps.
Dead F. planipilis foragers found in the traps
were discarded. Traps were kept in place
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around a colony until at least 20 foragers were
captured for each distance. However, for one
colony (#5), no foragers were collected at 10
m. All collected workers were immediately
taken back to the laboratory, killed by freezing
for 10 minutes, and then individually
weighed.
I also collected 12 F. planipilis workers from
each of the nest mounds in the morning between 0800 and 0900 hours. These were not
random samples, as I tried to represent equally
a wide range of worker sizes. The ants were
immediately taken to the laboratory and
weighed. Thereafter, they were placed in plastic containers (2 ants per container) and put
outside in the shade for the day. In the late
afternoon (between 1600 and 1700 hours), the
ants were killed by quick freezing and weighed
again to measure weight loss over the length
of a foraging day.
The pitfall trap method could not work for
the P. salinus colonies because of higher colony
densities (i.e., at 10 m traps were likely to contain foragers from more than a single colony)
and lower aggression levels (i.e., known foreign workers transferred to another mound
were not always obviously attacked). Instead, I
placed bright orange cracker crumbs at distances of 5 or 10 m. Only one distance was
presented to a colony at a time. All colonies
located the crumbs at 5 m within 20–30 minutes and foragers were actively recruited. Six
of 8 colonies also quickly found the crumbs at
10 m, but in 2 colonies the crumbs were
always removed by other ant species before P.
salinus could recruit in numbers. Thus, for 2
colonies there are data only for 5 m. After
allowing the recruitment process to begin, I
collected between 18 and 30 foragers returning with crumbs at each distance. Thus, it is
likely that most ants collected were inside the
colony prior to collection rather than outside
foraging.
For P. salinus colonies I also collected 20–
30 workers per nest that were working at the
mound (either moving pebbles from the nest
or patrolling the entrance). These samples
probably accurately reflect the population of
mound workers, as I would collect the ants in
the order they exited the nest. All collected
ants were immediately placed in 95% alcohol.
Although this may affect water and lipid content to some extent, I assumed the effects were
unbiased across ant sizes. (Note that since ant
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size was eventually found not to vary across
distance, the results are robust even if the
assumption does not hold.) Later the ants
were briefly dried from the alcohol and then
individually weighed. For both species morphometric size for each individual was estimated
as its widest headwidth, which was measured
with a calibrated dissecting microscope to the
nearest 0.04 mm.
For the majority of the statistical analyses, I
combined headwidths into discrete size classes
based primarily on where the mean mass
increased more rapidly with headwidth. In F.
planipilis, I categorized the distribution into 5
size classes that are in approximate agreement
with McIver and Loomis’s (1993) 7 size classes,
the difference being that I collected very few
individuals in their 2 smallest size classes. In
P. salinus, I categorized the ants into 4 size
classes. Where needed, I ln-transformed body
weight as weight increases cubically with linear increases in headwidth.
RESULTS
For both species there is a strong positive
correlation between headwidth and body
weight (Fig. 1). In F. planipilis there is a skewed
size distribution toward larger body size in
foragers. In P. salinus intermediate body sizes
are the most common.
For both species I did ANOVAs on the percentage of ants, with factors of size class and
distance from nest. In F. planipilis there is a
significant effect of size class (F = 124.1; df =
4,195; P < 0.0001), which reflects the relationship in Figure 1A of larger ants being more
abundant in pitfall traps than smaller ants.
There is no effect of distance of pitfall traps,
but there is a significant interaction between
size class and distance from nest (F = 3.199;
df = 12,195; P = 0.0003). This results from
the smallest size class being rarely trapped far
from the colony and larger size classes becoming relatively more common (Fig. 2A). For P.
salinus there is a significant effect only of size
class (F = 4.441; df = 3,76; P = 0.0063). Distance does not have a significant effect, and all
size classes are equally likely to work around
the nest entrance or forage at distance (Fig. 2B).
Because there is no size class:distance relationship in P. salinus, I analyzed forager
weights directly. An ANOVA of ln-transformed
body weight found a significant effect of size

Fig. 1. Mean weight (±s) of each headwidth class and
number of ants collected in each class for Formica planipilis (A) and Pogonomyrmex salinus (B). Data for F. planipilis are those only for ants collected foraging and not at the
nest mound. Dashed lines indicate where size class breaks
were added for ANOVA analyses.

class (i.e., physically larger ants weigh more: F
= 188.7; df = 3,565; P < 0.0001) and distance
(F = 8.834; df = 2,565; P = 0.0002). The latter result comes from ants of all size classes
weighing less when foraging than when working around the nest (Fig. 3). There was, however, no significant interaction between the 2
factors, which indicates that all size classes
behave similarly regarding their body weight.
A Scheffe-S post hoc test found body weights
of ants at 5 and 10 m are significantly less than
at 0 m (P < 0.012 for both comparisons). On
average ants weighed more at 5 than at 10 m,
but the trend was not significant. The difference in weights between ants at the nest and
foragers is unlikely to be due to foraging activity
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Fig. 3. Mean weight (±s) of each headwidth class collected at 0, 5, or 10 m from the nest mound in Pogonomyrmex salinus. Ants collected at 0 m were not foraging,
and those at 5 or 10 m were foraging.

Fig. 2. Percentage of ants (±sx–) in each headwidth class
collected at set distances from the nest entrance for
Formica planipilis (A) and Pogonomyrmex salinus (B).

alone. Fewell (1988) estimated that a foraging
trip of approximately 12 m in P. occidentalis
costs 0.088 J. If foragers use a liquid equivalent of 20% sugar water as their energy source,
this would translate into an estimated biomass
loss of 0.03 mg (using a value of 3.2 J of energy
per mg of sugar water) to travel 10 m. In comparison, the mean weight differential between
ants at 0 m and those collected at 5 and 10 m
is 0.33 and 0.43 mg, respectively.
Because there is a size class:distance relationship in F. planipilis, forager weights cannot
be analyzed directly. An effect of distance can
come from either larger workers going different distances or workers within any size class
carrying different amounts of food depending
on the distance they forage. Therefore, I calculated a mean body weight for each measurable headwidth gradation. Subtracting these
means from each individual ant’s weight gives
a residual value that can be statistically analyzed. (Note that the smallest size class had to
be dropped from this analysis because such
ants were absent or rarely collected at 7 and
10 m.) The residuals are not significantly
affected by headwidth (F = 0.003; NS), which
removes the effect of morphologically larger

workers being relatively more abundant at
greater distances. The ANOVA of residuals
found a significant effect of distance (F =
2.469; df = 4,1139; P = 0.0432), no effect of
size class (F = 0.232; NS), and a significant
interaction between size class and distance (F
= 2.124; df = 2,1139; P = 0.0134). Thus,
workers are overall likely to weigh less farther
from the nest, but this relationship is not the
same for all size classes. As can be seen in Figure 4A, individuals in the smaller size class
(1.23–1.43 mm) tend to weigh more farther
from the nest, while the larger size classes
show the opposite relationship.
The basis of the distance effect on F. planipilis worker weights can be estimated by adjusting observed body weights with the weight
loss measured in the control series. When
kept the entire day in a container without
access to food or water, the average ant loses
6.31% (±1.5 s) of its body mass. A regression of
weight loss against headwidth was not significant (F = 0.092; NS), indicating that ants of
different sizes do not lose relatively different
proportions of their body weight over time.
Therefore, I adjusted upward the weights of
all ants proportional to the distance they were
trapped from the colony. Ants trapped at 1 m
and 10 m had their weights increased by
0.631% (= 6.31 × 0.1) or by 6.31% (= 6.31 × 1),
respectively. Ants caught at intermediate distances were similarly adjusted proportionally.
The underlying assumption for these adjustments is that, on average, ants caught farther
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Fig. 4. Mean residuals (±sx–) of Formica planipilis headwidth classes collected on the nest mound or 1–10 m distant pitfall traps. In (A) recorded weights are given. In (B)
weights from pitfall traps have been adjusted upward as
might be expected if foragers at more distant sites had
spent more time traveling (see text). Only the smallest
headwidth had a significant regression of residual values
with distance from nest mound.

from the colony have been foraging longer and
thus may have lost more weight. The magnitude of the adjustment is an approximation.
Under natural conditions, ants probably move
more than they do in containers, which would
lead to underestimating weight loss. However,
this is likely to be balanced in the field by the
fact that foraging workers could get food from
others or return to the colony for more food.
Reanalyzing the data after adjustment leads
to several possible outcomes, each of which
would imply something about the foraging
process. If distance has a negative effect on
body weight both without and with the adjustment, it would imply that foragers going farther from the nest begin their trips with less
energy reserves than those foraging at closer
distances. If distance has a negative effect

193

without the adjustment, but no effect with the
adjustment, this would leave open the possibility that all foragers leave with about the
same energy reserves and that the distance
effect is due to differential energy expenditure. Finally, if after adjustment the distance
effect is positive, this would imply that foragers going farther leave the colony with proportionally more energy reserves.
The data of unadjusted body weights in F.
planipilis suggest that different size classes of
foragers carry different levels of energy resources (Fig. 4A). Therefore, I regressed adjusted residual weights against distance foraged (1–10 m) separately for each size class.
Only the smallest size class shows a significant
effect of distance: workers are more likely to
weigh more farther from the colony (Fig. 4B).
For all other size classes, once weight was adjusted upward, there was no significant effect
of distance from colony.
The previous analyses of F. planipilis data
viewed individual ants as independent data
points, although they were all members of
only 11 colonies. To rule out any problems
with pseudoreplication, I also correlated the
residuals with distance at the colony level for
each of the 4 largest size classes. If there is no
weight-distance relationship, then the overall
mean of the correlation coefficients should not
be significantly different from zero. With the
unadjusted data, the 3 largest size classes all
show a significantly negative relationship between body weight and distance from colony
(Table 1). The smallest size class shows a positive relationship that approaches significance
(P = 0.0621). When weight is adjusted upward,
there is a significant positive relationship between weight and distance for the smallest
size class considered, but no significant relationships in the 3 largest size classes (Table 1).
Therefore, when the F. planipilis data are analyzed at the colony level, results are consistent
with the analysis at the individual level.
DISCUSSION
Foraging is a relatively dangerous activity
for ants, and foragers can be considered
expendable or even disposable (Porter and
Jorgensen 1981). Estimates of mean life spans
for Pogonomyrmex foragers are about 14 days
(Porter and Jorgensen 1981), and few foragers
of the thatching ant, F. obscuripes, were
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TABLE 1. One-sample t tests of correlation coefficients of residual value versus distance from colony across 11 colonies
of F. planipilis. Nonadjusted tests have original data, and adjusted tests have data corrected for possible loss of weight
due to activity (see text).

Size class

Nonadjusted
___________________________________
Mean
t-value (df)
P

Adjusted
__________________________________
Mean
t-value (df)
P

1.23–1.43
1.44–1.64
1.65–1.81
>1.81

0.261
–0.125
–0.211
–0.161

0.413
0.035
–0.064
0.015

2.100 (10)
–2.843 (10)
–4.588 (10)
–2.524 (10)

0.0621
0.0174
0.0010
0.0302

observed for longer than 20 days (McIver and
Yandell 1998). Given an expected high loss
rate of foragers, it is adaptive for colonies to
minimize the resources lost with each worker.
For foragers in xeric habitats, resources may
equate to some combination of water and dissolved carbohydrates (Brian 1973, Sudd 1987,
Lighton et al. 1994). Porter and Jorgensen
(1981) found that P. owyheei foragers weighed
less than those doing mound work, which correlates with their task-related mortality rates.
Data from P. salinus show a similar pattern:
foragers weigh less than mound workers. In P.
salinus there is weak evidence for further conservation of resources in that the mean weight
of foragers traveling 10 m is less than for those
traveling 5 m (Fig. 3). However, this effect is
not statistically significant.
There is stronger evidence for distancerelated foraging in F. planipilis. Overall, larger
workers formed a larger fraction of the work
force farther from the nest (Fig. 2A). This
result differs from McIver and Loomis (1993),
who found a relationship of worker size with
distance from colony in nectar-collecting
workers, but not scavenging workers. Differences between the studies may result from
differences in behavior across species (F. planipilis vs. F. obscuripes) or in collection techniques (pitfall traps vs. collection by sight). A
2nd distance effect in F. planipilis is that body
weights of the 3 largest size classes of workers
decline significantly with distance from the
nest. This pattern could result from workers
either maintaining lower reserves at greater
distances or losing proportionately more weight
on longer foraging trips. Both possible scenarios are consistent with minimizing resource
loss rather than worker loss. There is no support for large foragers increasing food or water
reserves, which would be expected if forager
deaths were due mostly to starvation or dehydration.

2.509 (9)
1.105 (10)
–1.110 (10)
0.200 (10)

0.0334
NS
NS
NS

In contrast to larger size classes, smaller F.
planipilis workers have a positive relationship
between weight and distance from the nest
that is strengthened by weight adjustments for
assumed differences in activity. The pattern in
these workers is most consistent with minimizing their loss rather than the resources
they carry. Thus, colony-level strategy seems
diametrically opposite in small versus large
size classes of foragers. Four hypotheses may
account for this. First, smaller workers may
get lost more often because of their relatively
poorer orientation abilities (Bernstein and Bernstein 1969, McIver and Loomis 1993). If they
are more likely to make navigation errors, this
could favor carrying extra resources. Second,
because smaller workers have a larger surfaceto-volume ratio, they may have to carry more
water because of a relatively higher dessication risk (Lighton et al. 1994). Lighton et al.
(1994) found that smaller workers lose water at
faster rates than do larger workers in Messor
pergandei. However, there was no such sizebased effect in the control measurements with
F. planipilis. Smaller workers did not dessicate
more rapidly than larger workers. Third, food
may move differentially between smaller and
larger workers during transport to the colony.
McIver and Yandell (1998) found that smaller
thatching ants tending aphids will transfer
honeydew to larger ones, which transport it
back to the colony. However, for this to result
in the observed patterns in F. planipilis, the
exchanges would have to occur more frequently on a per capita basis closer to the
colony, and it is not obvious why this should
be the case. Moreover, pitfall traps were
located so as to avoid workers collecting honeydew; thus, it is likely that most workers
were not involved in the immediate transport
of food back to the colony. Fourth, food may
move differentially between smaller and larger
workers, but not in the context of transport to
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the colony. Instead, small workers may form a
resource pool from which larger foragers can
draw resources when needed. Smaller workers
form a smaller proportion of the work force as
distance from the nest increases (Fig. 1A), and
if they serve as “gas stations,” then the results
are consistent with both resource- and workerconserving strategies. Relatively fewer stations
should be found far from the nest where they
are most at risk, and each station should have
relatively more fuel.
Comparing across F. planipilis and P. salinus,
there are both similarities and differences. In
both species foragers as a class weigh less than
mound workers. In F. planipilis larger workers
form an increasingly greater proportion of the
work force with distance from the nest, and
there appear to be significant differences in
the amount of energy workers carry depending on their class size and the distance they
expect to travel. In P. salinus there is no evidence of the former and only weak support for
distance affecting foragers’ energy reserves.
These differences across the species may result
from either differences in the foraging behavior sampled or in the species characteristics.
In F. planipilis the collected ants were most
likely on open-ended foraging trips that might
continue for some time until they found prey
or returned to the colony. If foragers far from
the nest are more at risk per trip, then significant modulation of energy reserves might be
expected. In P. salinus most collected ants were
probably recruited from within the colony. If
foragers travel directly to the food patch and
back, there may be relatively little difference
in energy requirements (Fewell 1988) or exposure time. If the mortality risk for foragers is
more a factor of time spent foraging than distance traveled, then the ants recruited to food
at 10 m will be only marginally more at risk
than ants going 5 m. Thus, in recruited workers there may be only a weak relationship between distance and resource reserve.
Besides differences in sampling, the species
have different life history characteristics. Formica planipilis has polymorphic workers that
show monophasic allometry (Hölldobler and
Wilson 1991). There is a significant proportional bias toward the larger size classes in foraging (Fig. 1A) and size-based task specialization (McIver and Loomis 1993). Pogonomyrmex salinus is monomorphic, and the size

195

range in workers could result simply from
developmental noise. Formica planipilis also
specializes in nectar collection, while P. salinus forages mostly on seeds. The combination
of a larger evolved range of worker sizes and
access to an easily divisible food source may
favors more fine-scaled adjustments of foraging strategy in F. planipilis than in P. salinus. It
is interesting to note that in the genus Formica
there is fairly consistent size-based specialization in foraging tasks (Herbers 1979, Rosengren and Sundström 1987, Sundström 1987,
McIver and Loomis 1993, McIver and Yandell
1998), while in seed-harvesting ants (Pogonomyrmex and Messor) results are far more mixed
and mostly negative (see reviews in Traniello
1989, Ferster and Traniello 1995).
In conclusion, variation in body weight of
ants in F. planipilis and P. salinus at least suggests that all foragers are not equal in their
distribution of energy reserves. The mechanisms by which food is moved through and
shared by a population of foragers are yet to
be elucidated. The efficiency with which an
ant colony collects food must depend on how
much energy is allocated to each of the disposable elements and how well a colony balances
between maximizing worker survival and resource conservation.
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MOVEMENT, DISTRIBUTION, AND PREDATION: LEPIDOMEDA VITTATA
AND NONNATIVE SALMONIDS IN EASTERN ARIZONA
Michael G. Sweetser1,2, Scott D. Bryan1, and Anthony T. Robinson1
ABSTRACT.—Nonnative rainbow trout (Oncorhynchus mykiss) are stocked into several reservoirs in the range of federally threatened Little Colorado spinedace (Lepidomeda vittata), and so have the opportunity to negatively impact Little
Colorado spinedace populations. We examined rainbow trout escapement from Nelson Reservior into Nutrioso Creek,
critical habitat for L. vittata. We also examined movements of L. vittata and incidence of predation by rainbow trout on
L. vittata. We detected no movement of rainbow trout out of Nelson Reservoir over 4 years of study. Lepidomeda vittata
marked in 3 streams did not move much; but sample sizes were too small to make any meaningful conclusions regarding
movement. Most L. vittata we captured during surveys subsequent to marking were unmarked, suggesting movement
out of the study area, low tag retention, mortality, or failure to capture marked fish. Lepidomeda vittata co-occurred with
O. mykiss, Salmo trutta, and Salvelinus fontinalis and were typically less than half the size of the sympatric nonnative
salmonids. Consequently, they are potential prey fish for these species. We found fish remains in stomachs of 33% of S.
trutta, 6% of O. mykiss and 25% of S. fontinalis examined, but remains of L. vittata were found only in a single S. trutta.
Because S. fontinalis are rare in the streams examined, they probably do not pose a great threat to L. vittata. Salmo
trutta, which are no longer stocked, had the highest piscivory level and may thus pose more of a threat to L. vittata than
O. mykiss.
Key words: Lepidomeda vittata, Little Colorado spinedace, salmonids, distribution, movement, predation.

Native southwestern fishes have declined
in part due to negative interactions with introduced species (Meffe 1984, Moyle 1986,
Minckley and Deacon 1991). Other factors
that contribute to declines (Minckley 1973)
include drought, habitat loss and degradation,
pollution, and poisoning (Miller 1961, 1963,
Minckley and Carufel 1967). Little Colorado
spinedace (Lepidomeda vittata), a cyprinid
endemic to the Little Colorado River basin in
eastern Arizona, is an example of a native fish
that has declined since Europeans settled the
area in the late 1800s (Miller 1963, Minckley
and Carufel 1967, Minckley 1973).
Nonnative trouts likely impact L. vittata
since these nonnatives are predaceous and
have been extensively stocked. Rainbow trout
(Oncorhynchus mykiss), cutthroat trout (O.
clarki), brook trout (Salvelinus fontinalis), and
brown trout (Salmo trutta) have been stocked
into the Little Colorado River basin since the
early 1900s (Miller 1961, Rinne and Janisch
1995), but only O. mykiss still is stocked.
Oncorhynchus mykiss and S. trutta prey on L.
vittata in stream enclosures (Blinn et al. 1993,
Rinne and Alexander 1995), but the extent of

predation in the wild is unknown. Distributions of L. vittata and O. mykiss overlap, and
historic distribution of L. vittata likely overlapped with native Apache trout (O. apache).
However, O. mykiss may be more aggressive
and piscivorous than O. apache, and stocking
may result in higher trout densities than naturally occurred.
Lepidomeda vittata was federally listed as
threatened, and critical habitat was designated
in 1987 (USDI 1987). Critical habitats include
Nutrioso Creek between Nelson Reservoir
and the Little Colorado River, and East Clear
Creek from Blue Ridge Reservoir downstream
to Leonard Canyon. Because of suspected impacts of O. mykiss stocking on L. vittata, Arizona
Game and Fish Department (AGFD) began
section 7 consultation with U.S. Fish and
Wildlife Service in 1994. As a consequence of
that consultation, AGFD altered its O. mykiss
management in the upper Little Colorado
River basin; stockings within L. vittata range
were restricted to reservoirs and limited to
spring–summer after dams ceased to spill
from spring runoff. Fishing regulations were
changed in 1998 to allow unlimited take of O.

1Arizona Game and Fish Department, 2221 W. Greenway Road, Phoenix, AZ 85023.
2Corresponding author. Present address: PO Box 1931, Springerville, AZ 85938.

197

198

WESTERN NORTH AMERICAN NATURALIST

mykiss and S. trutta from 1 September through
1 May in streams designated as critical habitat
for L. vittata (including Nelson Reservoir,
Blue Ridge Reservoir, and Knoll Lake).
Another response to the consultation was
research to evaluate effects of O. mykiss on L.
vittata. We report on 4 elements of that
research. Objectives were to (1) determine if
O. mykiss stocked into Nelson Reservoir move
into Nutrioso Creek, (2) document L. vittata
movements, (3) determine incidence of predation by trouts on L. vittata, and (4) document
L. vittata and trout distributions in Nutrioso
Creek critical habitat and adjacent study
reaches.
STUDY SITES
Nutrioso Creek, Rudd Creek, and Little
Colorado River in east central Arizona (Fig. 1)
were sampled from 1996 through 2000. Sampling was on U.S. Forest Service and AGFD
lands. Nutrioso Creek heads in coniferous forest and flows through a meadow from the
town of Nutrioso to Nelson Reservoir, approximately 20 km from the headwaters. Nelson
Reservoir is managed by AGFD as a putand-take O. mykiss fishery. The coniferous
forest reach of Nutrioso Creek is occupied by
O. mykiss, S. fontinalis, and speckled dace
(Rhinichthys osculus). Fishes in the meadow
portion are L. vittata, R. osculus, bluehead
sucker (Pantosteus discobolus), O. mykiss, S.
trutta, fathead minnow (Pimephales promelas),
and green sunfish (Lepomis cyanellus; AGFD
unpublished data). Nutrioso Creek is canyonbound below Nelson Reservoir, and the fish
assemblage is L. vittata, R. osculus, P. discobolus, P. promelas, O. mykiss, S. trutta, and S. fontinalis (AGFD unpublished data). The study
area extends 11.5 km below and 8.3 km above
the reservoir (Fig. 1).
Rudd Creek is approximately 13 km long
and joins Nutrioso Creek about 2 km downstream of Nelson Reservoir. A man-made fish
barrier (culvert through a cement dam with a
3-m-high waterfall) is 4.5 km above the confluence. The upper reach is occupied by O. mykiss and S. fontinalis, while L. vittata, R. osculus, P. discobolus, O. mykiss, and S. fontinalis
occupy the lower (AGFD unpublished data).
We sampled only the lower 4.5 km (Fig. 1).
Also sampled was 3.3 km of Little Colorado
River within AGFD’s Wenima Wildlife Area,
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northwest of Springerville, Arizona (Fig. 1).
Fishes here are L. vittata, R. osculus, P. discobolus, Little Colorado sucker (Catostomus sp.), P.
promelas, O. mykiss, S. trutta, and L. cyanellus
(AGFD unpublished data).
METHODS
Oncorhynchus mykiss were marked with
coded-wire tags (snout or below the adipose
fin; 1996 and 1997) or tetracycline (1997 to
2000) and stocked into Nelson Reservoir each
spring immediately after reservoir overflow
ceased (typically in May). Creel surveys were
conducted 1996 through 1999 on Nelson Reservoir to estimate percentage of salmonids removed by angling.
Nelson Reservoir was sampled with gill nets
(45-m; experimental) set overnight (April/May
1997 to 2000) to determine holdover rates
from the previous year’s stocking. To determine if L. vittata occupied the lake, we set 4
trap nets (122 cm × 122 cm, 6-m middle wing)
perpendicular to and opening toward shore in
random locations at Nelson Reservoir for 2
nights in summer 1997.
We sampled Nutrioso Creek twice each
year (spring = pre-stocking, late summer to
early autumn = post-stocking) using a backpack electrofisher to assess escapement of O.
mykiss from Nelson Reservoir. Fish captured
were identified, measured (TL, mm), and
weighed (g); location of capture (m below dam
or above reservoir) also was recorded. All
trouts were sacrificed and scanned for a codedwire tag or tetracycline mark.
During 1996, 1999, and 2000, we surveyed
Nutrioso Creek below Nelson Reservoir by
electrofishing, making one pass through the
reach. During 1997 and 1998, 18 random 50-m
sites were sampled: 9 pre- and 9 post-stocking. Block nets (3.2-mm mesh) were placed at
up- and downstream boundaries, and 3 passes
were made. We similarly sampled twelve 50-m
sites in Nutrioso Creek above Nelson Reservoir, 1998 through 2000.
To assess movements of L. vittata, we
marked fish (42–128 mm TL) prior to spring
runoff in selected reaches of each stream and
subsequently surveyed there as well as upand downstream (Table 1). Marking reaches
had greater L. vittata densities than other
reaches as indicated by previous sampling.
Reaches were separated by a distance equal to
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Fig. 1. Map of the study area in east central Arizona. Shaded portions indicate reaches sampled.

TABLE 1. Stream reaches where L. vittata were marked (April). Surveys were conducted during May, July, and September 1998; May and September 1999; and September 2000. Reaches are kilometers above Nelson Reservoir for upper
Nutrioso, below Nelson Reservoir dam for lower Nutrioso, above the mouth for Rudd Creek, and above downstream
property boundary of Wenima Wildlife Area for the Little Colorado River.

Year/reach type
1998
Marking reach
Survey reach
1999
Marking reach

Survey reach
2000
Survey reach

Stream
___________________________________________________________________________
Upper Nutrioso
Lower Nutrioso
Rudd
Little Colorado
7.1–7.6
6.6–8.1

1.5–2.5

6.3–6.8
7.3–7.8

3–3.5
0–4.5
3–3.5
5–5.5
7–7.5

5.8–8.3

0–11.5

0–4.5

0.997–1.047
2.184–2.234
2.734–2.784
3.181–3.231
0–3.3

5.8–8.3

0–11.5

0–4.5

0–3.3
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their length. Lepidomeda vittata were marked
with coded-wire tags in 1998 and with fluorescent elastomeres in 1999. Elastomeres were
used so fish could be identified individually
and movements could be approximated more
accurately. Both types of tags have high, shortterm retention rates (Blankenship and Tipping
1993, Bonneau et al. 1995, Hale and Gray 1998).
During 1998 through spring 2000, we surveyed for marked fish in May after spring
runoff, in July during summer monsoons, and
in September after summer monsoons,
All trouts captured in Nutrioso Creek (all
years) and in Rudd Creek (2000 only) were
sacrificed to assess predation on L. vittata. In
addition, Little Colorado River on Wenima
Wildlife Area was sampled during spring, summer, and autumn from 1997 through spring
2000. We captured fish with a single pass of
backpack and canoe electrofishers, recorded
location of capture, and sacrificed and eviscerated trout for diet analysis. Stomach contents
were analyzed in the laboratory, and fish remains were identified to the lowest taxonomic
level.
Availability of L. vittata as prey was based
on the percentage of predator locations with
L. vittata present (number of sympatric locations divided by total number of locations
where the predator was captured). Species
were considered sympatric at a location if they
were collected within 10 m of each other in
the same habitat (i.e., pool, run, riffle).
Distributions of trouts and L. vittata within
critical habitat and nearby study reaches were
assessed with data from all surveys. To assess
species ranges and overlap within the study
streams, only data from surveys of the entire
study reaches are addressed within this paper
(because Nutrioso Creek above the reservoir
was sampled in its entirety only during 2000,
data distributions are not presented).
Flow data were obtained from the U.S.
Geological Survey gauging station (09384000)
on the Little Colorado River above Lyman Lake
and from an AGFD gauge on Rudd Creek at
the fish barrier. Overflow of Nelson Reservoir
dam was determined by observation.
RESULTS
Seven marked O. mykiss were captured in
Nutrioso Creek, 2 with coded-wire tags in
1998 and 5 with tetracycline marks in May
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2000. One (365 mm TL) coded-wire tagged O.
mykiss was captured in July, 5.7 km below
Nelson Reservoir, and another (248 mm TL)
was captured in April, where Nutrioso Creek
enters Nelson Reservoir. The 5 O. mykiss
(198–230 mm TL) marked with tetracycline
were caught approximately 250 m above Nelson Reservoir. No marked trout were captured
in Rudd Creek or Little Colorado River.
Approximately 75,500 O. mykiss were
stocked into Nelson Reservoir from 1996 to
2000. Anglers removed 48–85% of these trout
(Table 2). Nelson Reservoir spilled in spring
1997 (April 12 through 1st week of May), 1998
(March 29 through May 23), summer 1999
(August), and periodically from winter 1999
through spring 2000, generally reflecting spikes
in Little Colorado River discharge (Fig. 2).
We gill-netted 3 O. mykiss/8 net nights in
1997, 4 O. mykiss/8 net nights in 1998, 6 O.
mykiss/4 net nights in 1999, and 18 O. mykiss/
4 net nights in Nelson Reservoir during 2000.
Nonnative black crappie (Pomoxis nigromaculatus) were more prevalent than O. mykiss
(29/8 net nights, 1997; 7/8 net nights, 1998;
7/4 net nights, 1999; and 30/4 net nights,
2000). Over 1000 nonnative P. promelas and a
few nonnative L. cyanellus, but no L. vittata,
were caught in the trap nets set in 1997.
We marked 210 L. vittata and recaptured
71 (54–134 mm TL; Table 3); some fish may
have been caught more than once. Typically
(13 of 17 surveys), more than 80% of the fish
captured during a survey in a given stream did
not have a mark. Sixteen fish moved, 10 downstream and 6 upstream (Table 3). Timing and
direction of movement did not appear related
to flow. Base flow occurred during the marking period each year (Fig. 2). Three flow spikes
were evident in Rudd Creek, 2 of which (May
1998 and August 1999) were also evident in
the Little Colorado River (Fig. 2).
Thirty-three percent of S. trutta (N = 24),
6% of O. mykiss (N = 54), and 25% of S. fontinalis (N = 4) had fish in their stomachs
(Table 4). Remains of one L. vittata were found
in an individual S. trutta from Little Colorado
River during 1997. Lepidomeda vittata was
not in any other salmonid examined.
Sixty-three percent of the sites with O.
mykiss (N = 19), 60% with S. trutta (N = 10),
and 50% of the sites with S. fontinalis (N = 2)
had L. vittata present (Table 4). At sites where
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TABLE 2. Estimates of stocking and harvest (based on creel census) for O. mykiss in Nelson Reservoir, AZ.

Information
Number stocked
Census period
Estimated harvest
Percent harvested

Year
____________________________________________________________________
1996
1997
1998
1999
16,042

19,897

20,000

19,546

April 1996–April 1997

May 1997–April 1998

May 1998–April 1999

May 1999–Dec. 1999

7,723
48

13,943
70

11,956
60

16,529
85

Colorado River). Nonnative P. promelas was
typically the most abundant or 2nd most abundant species captured in Nutrioso Creek and
Little Colorado River, but was rare in Rudd
Creek. The other nonnative species (only in
Nutrioso Creek and the Little Colorado River),
L. cyanellus, typically comprised less than 1%
of the catch.
Unmarked trout were captured in all 3
streams, most during the 1st year (Figs. 3–5).
Though not ample in numbers, Oncorhynchus
mykiss was the most abundant and widely distributed trout in Nutrioso and Rudd creeks,
whereas S. trutta was the most abundant trout
captured in the Little Colorado River.
DISCUSSION

Fig. 2. Flows in Little Colorado River, AZ, above
Lyman Lake, 1996 through 1997 (A) and 1998 through
May 2000 (B); Rudd Creek, AZ, 1998 through May 2000
(C). Dates when L. vittata were marked and surveyed are
shown.

trout and L. vittata were captured, all trout
were more than twice as long as L. vittata,
except at 4 sites where O. mykiss were larger
than, but not twice as large as, L. vittata.
Lepidomeda vittata was throughout Nutrioso
Creek (below Nelson Reservoir), Rudd Creek,
and Little Colorado River (Figs. 3–5). Range
in Nutrioso Creek and Little Colorado River
was greater (Figs. 3–5) in 1999 and 2000 than
in 1996 (Nutrioso Creek) or 1997 and 1998
(Little Colorado River). Distribution overlapped
on broad scales with salmonids in each stream
(Figs. 3–5). Other native species were P. discobolus, R. osculus, and the Little Colorado
River sucker (Catostomus sp.; only in the Little

Movement of O. mykiss out of Nelson Reservoir is minimal, reducing the chance of negative effects on L. vittata by nonnative trout.
Despite reservoir spills every year (except
1996), post-spill sampling yielded only 1
marked O. mykiss below the dam and 5
marked O. mykiss above the mouth. Downstream escapement may have been minimal
because few O. mykiss were in the reservoir
prior to spring runoff each year, as indicated
by creel-take estimates and spring sampling
efforts. However, no escapement was detected
after an extensive summer spill in August
1999, when O. mykiss numbers in the reservoir should have been relatively high. Escapement upstream is probably limited by an
extensive cattail-sedge bed at the mouth of
Nutrioso Creek. Aside from that, the 5 marked
O. mykiss obtained above the reservoir were
smaller than O. mykiss (335–445 mm TL) concurrently captured in Nelson Reservoir and
were also relatively smaller than O. mykiss
(average size approximately 230 mm TL)
stocked in spring 1999 (AGFD unpublished
data). We therefore believe that these trout
came from a private pond upstream of Nelson
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TABLE 3. Number of L. vittata marked and captured in subsequent surveys (numerator = total fish captured, denominator = number of recaptures), number of recaptures that moved, and distances moved (negative numbers indicate
downstream and positive indicate upstream movement) by recaptured fish in 3 eastern Arizona streams, April 1998
through May 2000. Fish were marked with coded-wire tags (April 1998) or fluorescent elastomeres (April 1999).
Year and month of survey
_________________________________________________________________
1998
1999
2000
________________________
___________________________
________
Tag type and stream
CODED-WIRE TAGS
Rudd Creek (N fish)
No. marked that moved
Reaches moved (500 m)
Upper Nutrioso (N fish)
No. marked that moved
Reaches moved (500 m)
ELASTOMERE TAGS
Rudd Creek (N fish)
No. marked that moved
Distance moved (m)
Upper Nutrioso (N fish)
No. marked that moved
Distance moved (m)
Little Colorado (N fish)
No. marked that moved
Distance moved (m)

Marked

May

July

Sep

May

July

Sep

May

66

40/12
1
–2
25/1
0

45/17
0

90/12
0

81/1
0

24/2
0

8/1
1
–3
7/0
0

41/0
0

30/0
0

20/2
1
–1
42/0
0

38/0
0

147/3
3,
–2, –3, –3

20/3
3
–272, 268, 98
42/2
1
599
137/5
2
–115, 77

8/3
1
313
7/2
1
–190

41/1
1
554
36/1
1
–381
157/0

81/3a
0a

37

22

13

72

147/0

127/0

aFish were recaptured in reach they were marked in; actual meter where they were marked is unknown since complete mark could not be discerned upon

recapture.

TABLE 4. Incidence of piscivory (number of and percentage [in parentheses] of individuals with fish in their gastrointestinal tracts) by 3 salmonid species captured in Rudd and Nutrioso creeks and Little Colorado River, AZ, 1996–2000.
Number of sites where salmonids were captured and number and percentage (in parentheses) of those sites with L. vittata are also given.
Salmonid species
______________________________________________________
O. mykiss
S. trutta
S. fontinalis
(N = 54)
(N = 24)
(N = 4)
Range of total length (mm)
Trout with fish in GI tract
Trout with L. vittata in GI tract
Trout with other cyprinids in GI tract
Number of sites with trout
Number of trout sites where presenceabsence of L. vittata was recorded
Number of trout sites with L. vittata

105–495
3 (6)
0
3 (6)
43

212–552
7 (33)
1 (4)
7 (33)
17

162–302
1 (25)
0
1 (25)
4

19
12 (63)

10
6 (60)

2
1 (50)

Reservoir (at least one private pond upstream
of the reservoir is known to be stocked with O.
mykiss from private hatcheries that are generally known to use tetracycline-treated feed),
indicating that there was no O. mykiss movement upstream from Nelson Reservoir. Injecting all AGFD-reared trout with coded-wire
tags before they are stocked would be a more
precise method of detecting movement out of
the reservoir.

Lepidomeda vittata were not found within
Nelson Reservoir, but sampling was limited
and not a primary objective. Lepidomeda vittata are probably rare in Nelson Reservoir
because of the presence of nonnative piscivorous fishes and the fact that L. vittata generally occupy stream habitats.
Marked L. vittata did not move much, but
sample sizes were too small to make any meaningful conclusions regarding flood-induced
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Fig. 3. Number of L. vittata and O. mykiss captured per
500 m below Nelson Reservoir in Nutrioso Creek, AZ,
1996–2000.

Fig. 4. Number of L. vittata and S. trutta captured per
500 m in Little Colorado River, AZ, within Wenima Wildlife Area, 1997–2000.

movement. Most L. vittata we captured during surveys subsequent to marking were unmarked, suggesting movement out of the study
area, low tag retention, mortality, or failure to
capture marked fish. We believe tag retention
was high and our surveys extensive enough
(particularly in 1999) to detect long-range
movements. Unfortunately, we cannot rule out
the possibility that fish moved outside our survey area or suffered mortality.
Lepidomeda vittata appear to be available
prey fish for each salmonid species, and they
co-occurred with each salmonid. All 3 salmonids consumed cyprinid fishes, and so they all
may consume L. vittata. Because Salmo trutta
were more piscivorous than O. mykiss or S.
fontinalis, they may pose more of a threat to L.
vittata. Fortunately, neither S. trutta nor S.
fontinalis are still stocked into the Little Colorado River basin, although natural reproduction occurs within these waters.
Blinn et al. (1993), based on experiments in
stream enclosures, suggested that O. mykiss
limit the distribution of L. vittata. Our results
lend little support for this contention; both

Fig. 5. Number of L. vittata and O. mykiss captured per
500 m in Rudd Creek, AZ, above the confluence of
Nutrioso Creek, 1998–2000.
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species were often caught within the same
pools (during uninterrupted flow conditions),
and no predation was detected by O. mykiss
on L. vittata. However, O. mykiss will likely
prey on larval fish when they are available, as
suggested for other native-nonnative fish interactions (Marsh and Langhorst 1988, Johnson
and Hines 1999). In laboratory settings they
readily preyed on larval L. vittata and P.
promelas (unpublished data). However, since
O. mykiss tend to be largely insectivorous
(Cada et al. 1987, Angradi and Griffith 1990,
Metcalf et al. 1997), the impact of predation
on larval stages on the overall population of L.
vittata is unknown. Studies examining this
interaction in natural situations (when various
prey types are available) would be valuable,
but difficult, since larvae are quickly digested.
Sample size was relatively small for all
objectives within this study. Drought conditions likely affected the sample size of L. vittata and trouts during our study. Annual precipitation was below average each year during
our study, particularly during 1996 and 1997
(data from the Western Regional Climate Center, Reno, NV). During summer and autumn
months of 1996 and 1997, Rudd and Nutrioso
creeks became intermittent. We estimated
that 50–75% of Nutrioso Creek below Nelson
Reservoir and >50% of lower Rudd Creek
were dry in the summers of 1996 and 1997.
Such large decreases in available habitat coupled with likely decreases in habitat quality
(increased water temperatures and turbidity,
and decreased dissolved oxygen due to nonexistent flows) may have had effects on L. vittata
and trout populations. It is also possible that
electrofishing contributed to these issues as
well (Nordwall 1999).
Efforts to prevent nonnative salmonid impacts on L. vittata include cessation of nonnative salmonid stocking and nonnative fish
removal from streams where L. vittata exist.
Native O. apache could be stocked rather than
nonnative O. mykiss (Rinne and Janisch 1995),
since these waters are within historical range
of O. apache (Carmichael et al. 1995). However, before converting lake fisheries to native
O. apache, we recommend studies examining
the effects of O. apache on L. vittata and other
native fishes under a variety of habitat conditions and prey availability so these efforts would
not be refuted in the event that O. apache are
just as detrimental to L. vittata as O. mykiss
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are reported to be. Because O. mykiss impact
L. vittata populations and the nonnative sport
fishery is to be retained, efforts to further
reduce impacts should include (1) stocking O.
mykiss into lakes only, and only after dams
cease to spill from spring runoff, (2) removing
nonnative salmonids where L. vittata occur,
and (3) removing nonnative salmonids and reestablishing L. vittata in areas they historically
inhabited.
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NEW RECORDS AND RANGE EXTENSIONS OF SPECIES OF DIPOGON
(HYMENOPTERA, POMPILIDAE) IN COLORADO
Howard E. Evans1 and David A. Leatherman2
ABSTRACT.—Four species of Dipogon are recorded from Colorado for the first time. These are hurdi Evans, pulchripennis (Cresson), graenicheri Banks, and brevis (Cresson). All are inhabitants of wooded areas and are believed to
nest in cavities in trees. Notes are presented on habitat and prey of these 4 species and of the recently described species
kiowa Evans.
Key words: Hymenoptera, Pompilidae, Dipogon, distribution, prey, spiders.

Wasps of the genus Dipogon are largely
confined to wooded areas where several of the
species are known to nest in cavities in trees.
Townes (1957) recorded 12 species, but 7
more have since been described (Wasbauer
1960, 1966, Evans 1974, 2000). These wasps
are rarely taken by conventional collecting
methods, and several of the species are known
from only a few specimens. Clearly, some of
the species have much broader ranges than
previously appreciated, and we report here on
range extensions for 4 of these. Ten species
have now been recorded from Colorado, 6 of
them not included in a recent checklist of Colorado Pompilidae (Evans 1997). We include
here notes on individual specimens and on the
habitat and behavior of 2 species of subgenus
Deuteragenia and 3 species of subgenus
Dipogon. Fieldwork reported here was done
by DAL in the course of surveys of trees
throughout the state.
Dipogon (Deuteragenia)
hurdi Evans
This species was described from mountains
in the state of Durango, Mexico, based on a
female taken with a spider of the genus Icius
(Salticidae). An allotype was described from
Portal, Arizona, at about 5000 feet elevation.
Known range of this species is now extended
to the mountains of Colorado. A female was
taken by DAL on the trunk of a dead, standing, large-diameter ponderosa pine (Pinus

ponderosa) at Lake Isabel, Custer County, at
about 9000 feet elevation, 8 July 1998. In size
and structural details this specimen resembles
the type closely. Color is also similar except
that the legs are darker, the coxae and fore and
middle legs being partially infuscated, while
the hind legs are wholly dark beyond the
coxae.
HABITAT.—Lower montane forest characterized by mixed conifers: ponderosa pine,
Douglas-fir (Pseudotsuga menziesii), and white
fir (Abies concolor). The tree from which the
female was collected had been killed within
the last 2 years by bark beetles of the genus
Dendroctonus and still retained some complement of brown needles. Recently fallen ponderosa pines, also killed by bark beetles, were
in the immediate vicinity.
Dipogon (Deuteragenia)
pulchripennis (Cresson)
This species is characteristic of woodlands
of the northeastern United States and southeastern Canada, but it has also been taken in
mountainous areas in Arkansas and Arizona.
Thus, it is not surprising to discover it in the
mountains of Colorado. A female was collected by DAL as it emerged from a woodboring beetle tunnel at the base of a live but
fire-damaged ponderosa pine within the Black
Tiger Fire area, 0.2 miles southeast of Sugarloaf Mountain, Boulder County, 22 August
1998. Another female was taken by DAL at

1Department of Bioagricultural Sciences and Pest Management, Colorado State University, Fort Collins, CO 80523.
2Colorado State Forest Service, Colorado State University, Fort Collins, CO 80523.
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Beulah, Pueblo County, 23 August 2000, associated with a ponderosa pine killed by Dendroctonus ponderosae. This individual was
observed expelling boring dust from a bark
beetle exit hole, which presumably was the
entrance to a nest within a wood borer tunnel.
HABITAT.—The 1st female was taken in a
ponderosa pine/Douglas-fir forest, which sustained a fire in summer 1990. The forest is
now quite open and characterized by mature
live trees with basal fire scars on their north
sides, dead standing snags, and fallen trees
devoid of foliage and in moderate states of
decay (bark beginning to sluff, wood softening
and full of insect holes and cracks). The 2nd
female was taken in a mature ponderosa pine
forest sustaining considerable mortality from
recent bark beetle attacks.
Dipogon (Dipogon)
graenicheri Banks
This species was described from South
Miami, Florida, by Banks (1939). Townes (1957)
reported it from New Jersey to Florida and
west to Louisiana. Hook (1998) recently
reported it from Travis County, Texas. A single
female was taken by DAL on the trunk of a
living, large-diameter Siberian elm (Ulmus
pumila) at Willow Creek Park, Lamar, Prowers
County, 16 August 1998. Although Lamar is at
one of the lowest elevations in the state (3600
feet), the occurrence of graenicheri here was
unexpected. This female differs from south
Florida specimens in having the frons lightly
alutaceous, less polished than in the type, and
the eyes somewhat more convergent above. In
this specimen the basal 1.7 metasomal tergites
and all sternites are rufous; the amount of
rufous on the metasoma is variable in eastern
specimens we have seen.
HABITAT.—Typical city park with mature,
widely spaced trees, mostly Siberian elm and
plains cottonwood (Populus deltoides var. monifera) with an irrigated bluegrass understory.
Many of the deciduous trees displayed bacterial wetwood disease, which has killed patches
of trunk bark, exposing bare wood, borer tunnels, and cracks. The park is bisected by Willow Creek, characterized along its banks by
thickets of coyote willow (Salix exigua). An
undeveloped woodland immediately south of
the park contains plains cottonwood, Siberian
elm, Russian-olive (Eleagnus angustifolia), and
tamarisk (Tamarix ramosissima).
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Dipogon (Dipogon)
brevis (Cresson)
This species was recorded by Townes (1957)
from New England to Georgia, with specimens of his subspecies recalvus west to Michigan and Wisconsin. Specimens recently taken
in southeastern Colorado differ in no important structural details from brevis but match in
color none of the 3 subspecies recognized by
Townes. We have 7 females, taken by DAL on
plains cottonwood and Siberian elm trunks in
Lamar, Prowers County, 1 October 1997, 4–7
September 1998, and 15 September 2000.
These specimens vary in fore wing length
from 3.8 to 5.4 mm and have the close, silvery
to golden pubescence characteristic of brevis.
The body is black with ferruginous markings
as follows: antennae, clypeus, pronotum over
its anterior 0.3 to 0.8, metapleura and sides of
propodeum in 3 specimens, and a spot on the
mesopleura in 1 specimen. The legs are dark,
variably suffused with ferruginous. In the
series the metapleura vary from mat to shining, and there is much variation in the spacing
of the punctures on the propodeum. These 2
features were used by Townes to characterize
his subspecies recalvus.
Despite the fact that these females do not
fit well into presently recognized subspecies,
we do not feel it is appropriate to add still
another subspecies at this time. Wasbauer
(1960) described a species from California
(leechi) that resembles brevis in many details,
but it differs from our Colorado series in having appressed hairs on the propodeum and 1st
metasomal tergite, as well as more weakly
banded wings.
HABITAT.—Specimens were collected at
both Willow Creek Park (described above
under graenicheri) and the southeastern section of Lamar Community College grounds
(similar to Willow Creek Park and directly
adjacent to the undeveloped riparian woodland descibed under graenicheri).
Dipogon (Dipogon)
kiowa Evans
This species was described from 9 females
taken by DAL in Lamar, Prowers County, at
sites described under the preceding 2 species
and at various dates July–September 1998–
1999. One female was taken on the ground
within 1 foot of the trunk of a tree, the others
on the trunks. The wasps were never found
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prior to midmorning, and most were collected
on shaded sides of trunks of large deciduous
trees in late afternoon and early evening. Two
of the females were taken with their spider
prey: a female Tutelina harti (Emerton) and an
immature Phanias sp. (both Salticidae).
Another female was reared by DAL on 24
August 1999 from a bolt of dead Utah juniper
( Juniperus utahensis) trunk wood collected at
Crawford State Park, Delta County, Colorado,
on 5 August 1999. The primary hole maker
found associated with this same wood was the
horntail wasp, Sirex areolatus (Cresson) (Siricidae). Species of Rhyssa (Ichneumonidae)
and Ibalia (Ibaliidae) also emerged from the
wood; presumably, these were parasites of the
Sirex. This was a very different habitat from
Lamar, comprising mostly scattered juniper
and other aridland plants characteristic of the
Colorado Plateau. The elevation is about 6200
feet.
DISCUSSION
With the exception of 2 female pulchripennis, which were taken as they emerged from
presumed nest holes at the extreme bases
of trees, and the Crawford female kiowa, all
Dipogon individuals mentioned were observed
on the bark surface of large-diameter trees at
heights of 2–8 feet aboveground (or in one
case on the ground near such a tree). Presumably, they forage for prey outside this range,
and their capture at this height is probably as
much a function of convenient observation
height as a true reflection of their behavior.
Most trees where Dipogon individuals were
observed also supported foraging ants, the
resemblance to which was enhanced by the
wasps’ banded wings. The wasps differed in
foraging behavior only in that they occasionally “jumped” across bark fissures or other
obstacles. Otherwise, they ran across the bark
and explored crevices in patterns and rates
very similar to the ants with which they shared
space.
So far as known, members of the subgenus
Dipogon prey on jumping spiders (Salticidae).
In addition to the records for kiowa presented
above, there are records of brevis preying
upon salticids of the genera Phidippus and Pellenes (Evans and Yoshomoto 1952, Kurczewski
and Kurczewski 1968). Several species of subgenus Deuteragenia also utilize Salticidae, but
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the North American sayi Banks and the European variegata (L.) prey almost exclusively on
crab spiders (Thomisidae). Various other members of this subgenus are known to prey on
Agelenidae, Amaurobiidae, Areneidae, Clubionidae, Gnaphosidae, and Segestriidae. Useful
reviews of the biology of the genus have been
presented by Richards and Hamm (1939) and
Evans and Yoshimoto (1962). More recently,
there have been detailed studies of sayi by
Fye (1965), Krombein (1967), and Jennings
and Parker (1987), as well as studies of several
Palaearctic species by Gros (1997). Much
remains to be learned about the biology of
these reclusive insects.
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MESEMBRIOXYLON OBSCURUM, A NEW COMBINATION FOR
ARAUCARIOXYLON? OBSCURUM KNOWLTON,
FROM THE UPPER JURASSIC MORRISON FORMATION, WYOMING
David A. Medlyn1 and William D. Tidwell2
ABSTRACT.—A reinvestigation of the type specimen of Araucarioxylon? obscurum Knowlton (1900) from the Upper
Jurassic Morrison Formation in the Freezeout Hills of Wyoming has determined that this fossil should be transferred to
Mesembrioxylon Seward (1919) as M. obscurum comb. nov. (Knowlton) Medlyn and Tidwell. Knowlton (1900), who was
uncertain of its appropriate generic disposition, tentatively referred the wood to Araucarioxylon because it had obscure
growth rings and relatively low ray height. Reexamination of Knowlton’s slides demonstrates that the wood has uniseriate, rarely biseriate rays, podocarpoid pitting, and diffuse axial parenchyma, none of which Knowlton mentioned. Tracheary pitting is mostly separate, round, uniseriate, occasionally biseriate and, when biseriate, opposite to subopposite.
The smooth-walled crossfields exhibit 1–3 thin-bordered podocarpaceous pits per field. All of these features are present
in Mesembrioxylon Seward.
Key words: fossil wood, Araucarioxylon, Mesembrioxylon, Upper Jurassic, Morrison Formation, Wyoming.

When Knowlton (1900:418) placed the new
species Araucarioxylon? obscurum from the
Freezeout Hills, Carbon County, Wyoming, in
Araucarioxylon Kraus (1870), he stated: “The
placing of this wood in the genus, Araucarioxylon, is open to more or less question. Yet as
it approaches more closely to this genus, I
have tentatively so referred it.” The species
epithet refers to the obscure nature of the
growth rings which Knowlton noted is consistent with Araucarioxylon, but he later added
that the species lacks other characteristics of
this genus. A review of the slides of A.? obscurum shows that his description does not
entirely agree with the holotype. The growth
rings are weakly developed or “obscure” as
Knowlton (1900) described, a condition similar to false ring development. However, the
specimen also has mostly uniseriate tracheary
pitting and low, uniseriate rays; lacks araucarioid pitting; and has axial parenchyma and
podocarpoid crossfield pitting. All of these
make placement of this specimen in Araucarioxylon untenable. Therefore, we propose placing Araucarioxylon? obscurum into Mesembrioxylon Seward (1919), a form genus consistent
with the nature of its xylotomy.

GEOLOGICAL REVIEW
Although best known for its dinosaur remains (Dodson et al. 1980), the Upper Jurassic
Morrison Formation has yielded one of the
most abundant and diverse Upper Jurassic
petrified coniferous floras in the world (Medlyn and Tidwell 1975, 1979, 1992, Tidwell
1990, 1998, Tidwell and Medlyn 1992, 1993).
The formation extends from northern Arizona,
New Mexico, Oklahoma, and Texas in the
south and east through Utah, Wyoming, Montana, western South Dakota, and Nebraska to
the north. During the Late Jurassic (Kimmeridgian through Portlandian), there were successive invasions of western North America by
shallow seas from the north. As the seas
regressed northward, fluvial sediments of
sandstone, variegated shale, volcanic ash, and
siltstone comprising the Morrison Formation
were deposited (Derr 1974, Dodson et al.
1980, Stokes 1986). Most fossil wood occurring in the Morrison Formation was likely
transported from its place of growth prior to
burial through the extensive river systems that
deposited the formation.
According to Ward (1900a), the type specimen of Araucarioxylon? obscurum was collected

1Department of Geology, Utah State University, Logan, UT 84322-4900.
2Department of Botany and Range Science, Brigham Young University, Provo, UT 84602.
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in the late 1890s from the northern part of the
Freezeout Hills in the so-called cycad beds,
now placed in the Morrison Formation. The
wood was associated with fossil “cycads” and
originally considered to be wood from one of
these “cycads” (Ward 1900a). At the time of its
collection, silicified wood was very abundant
in the cycad beds, as well as in some of the
nearby ledges (Ward 1900a). The locality is in
sec. 13, T25N, R79W. At this locality the Morrison Formation rests conformably on the Sundance Formation and is overlain disconformably
by the Cloverly Formation (Baker 1965). In
this area the Morrison is approximately 124 m
(400 feet) thick and divisible into 2 major units.
The upper unit is similar to the Brushy Basin
Member of this formation in Utah, Colorado,
and New Mexico, whereas the basal member
apparently has no equivalency elsewhere (Baker
1965). At this locality the Morrison Formation
consists of fine, soft sandstones and white, reddish, yellowish, or olive-gray calcareous shales
containing dark marls with dinosaur bones
and other vertebrate remains.
The Freezeout Hills, 25 miles north of Medicine Bow, Wyoming, occupy an area of approximately 10 square miles. The highest of the hills
is Freezeout Mountain, so named because of a
story about a party of men who froze to death
in its immediate vicinity during the early
European settlement history of the region.
The hills are near the famous Como Bluff
locality where so many Upper Jurassic dinosaur fossils have been found (Ostrom and
McIntosh 1966).
The fossil “cycads” from the cycad beds
were first described by Ward (1900a, 1900b)
as 20 species in his new genus Cycadella.
These species were eventually placed in
Cycadeoidea as a single species, C. wyomingensis (Ward) Wieland, by Delevoryas (1960).
TAXONOMY
Division: Coniferophyta
Order: Coniferales
Mesembrioxylon obscurum (Knowlton)
comb. nov.
1900 Araucarioxylon? obscurum Knowlton,
pp. 418–419; pl. CLXXVIII.
(Figs. 1–4)

EMENDED DIAGNOSIS AND DESCRIPTION.—
Transverse: Secondary xylem; growth rings
absent or indistinct, mostly discontinuous;
ring width 2–3 mm; outer margin delineated
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by latewood tracheids. Latewood 2–6 cells,
occasionally up to 12 wide; transition usually
abrupt, sometimes gradual (all the above characteristics may be present in one ring). Earlywood tracheids large, square to roundish, somewhat uniform in size and shape, radial diameter 25–35 µm and tangential diameter 20–30
µm; walls 3 µm thick; lumens mostly round,
radial diameter 22–32 µm, tangential diameter
17–27 µm. Latewood tracheids small, tangentially flattened, radial diameter 11–15 µm, tangential diameter 24–34 µm, walls 3 µm thick,
lumens small, radial diameter 7.5–10 µm, tangential diameter 20–30 µm across; axial parenchyma diffuse, solitary, cells 30 µm across,
thin-walled, walls 2 µm thick; some ray cells
and tracheids resinous.
Radial: Tracheids with occasional resin
plugs; abundant tracheary pits, mostly uniseriate, occasionally partially biseriate, when
biseriate opposite to subopposite, generally
separate, occasionally close, sometimes contiguous; crassulae lacking; pits circular, 10–13
µm in diameter; pit apertures circular to elliptic, included, small, 2.5–4 µm across; rays
homocellular, resinous; ray cells parenchymatous, rectangular, horizontal and tangential
walls smooth to slightly nodular; crossfield pitting 1–3, commonly 1 podocarpoid pit per
crossfield, 5–6 µm in diameter, border thin; pit
apertures included, 2–3 µm in diameter at
widest point, elliptical to oblong; axial parenchyma cells rectangular, 80–120 µm high, end
wall smooth, resinous.
Tangential: Tangential pitting present, bordered pits, 8–10 µm in diameter, circular,
included, aperture circular to elliptic, border
thick, 2 µm in diameter; rays abundant, 60–70
⋅ mm–2, typically uniseriate, sometimes biseriate; ray height variable, 1–15, rarely up to 21
(2–6 average) cells high; ray cells round tangentially, 7–22 µm across, walls 3–5 µm thick.
REPOSITORY.—U.S. National Museum, Smithsonian Institution, Washington, D.C. (USNM
455260),
TYPE LOCALITY.—Freezeout Hills, Wyoming.
COMPARISONS
Mesembrioxylon is widely distributed both
geographically and geologically throughout
the Mesozoic era including the Jurassic of
Poland (Gothan 1906, Seward 1919) and Korea
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Fig. 1. Mesembrioxylon obscurum, comb. nov. (all transverse sections): A, homogenous, secondary xylem showing a
poorly developed growth ring (arrow; bar = 240 µm); B, enlargement of part of Figure A, demonstrating discontinuous
nature of growth rings and resin-filled parenchyma (arrows; bar = 60 µm).

(Shimakura 1936); the Jurassic or Cretaceous
of Syria (Edwards 1929); the Cretaceous of
Japan (Nishida and Nishida 1983), Australia
(Sahni 1920), Burma (Sahni 1937), India (Bhardwaj 1953, Ramanujam 1953, Jain 1964, Agashe
1968), Great Britain (Seward 1919), South
Africa (Bamford and Corbett 1994), and the
United States (Thayn and Tidwell 1984, Ash
1991, Ash and Bassinger 1991, Tidwell et al.
1998). Mesembrioxylon stokesi Thayn and Tidwell (1984), M. carterii Tidwell, Britt and Ash
(1998), Mesembrioxylon sp. from the Canadian

Arctic Archipelago (Ash and Basinger 1991),
and an undescribed species of Mesembrioxylon from the Middle Jurassic Coon Hollow
Formation of the Hells Canyon area, Oregon
and Idaho (Ash 1991), are the only presently
reported species of Mesembrioxylon in North
America.
Mesembrioxylon obscurum is characterized
by possessing occasionally thin-bordered, elliptic, podocarpoid crossfield pits; uniseriate to
occasionally biseriate, round tracheary pits,
tangential pits, diffuse axial parenchyma, and
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Fig. 2. Mesembrioxylon obscurum, comb. nov. (all tangential sections): A, section showing the relatively low, usually
uniseriate rays (bar = 60 µm); B, illustration showing homogenous ray cell structure and uniseriate tangential pits
(arrows; bar = 30 µm).

the absence of tracheal septations and crassulae. Mesembrioxlyon obscurum appears to represent a distinct species. For instance, the
presence of septate tracheids in M. gothanii
(Stopes) Seward (1919) and M. nihei-takagii
Nishida (1966), the occurrence of crassulae in
M. woburnense (Stopes) Seward (1919), and
the lack of axial parenchyma in M. shanense
Sahni (1937), M. indicum Bhardwaj (1953), M.
rajmahalense Jain (1964), and M. carterii Tidwell, Britt, and Ash (1998) distinguish them
from M. obscurum. The absence of tangential
pitting in M. godaverianum Sahni (1931), M.

pseudo-bedfordense Nishida (1966), and M.
bedfordense (Stopes) Seward (1919) differentiates them from M. obscurum.
Although Dacrydioxlyon estherae Greguss
(1967) from the Lower Oligocene of Hungary
is somewhat similar, it differs in having thin
growth rings with scattered parenchyma cells
in its rings, sometimes terminally, circular
crossfield pits without borders, and tangential
pitting. Conversely, in M. obscurum, the growth
rings are absent or indistinct, its parenchyma
diffuse, its crossfield pits bordered, albeit
thinly, and it has tangential pitting.
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Fig. 3. Mesembrioxylon obscurum, comb. nov. (all radial sections): A, illustration of the mostly uniseriate and generally
separate pits (bar = 60 µm); B, axial, resin-filled parenchyma cells (bar = 60 µm); C, partially biseriate, opposite to subopposite, tracheary pitting (bar = 30 µm).

DISCUSSION
Seward (1919) instituted the genus Mesembrioxylon to replace Podocarpoxylon Gothan
(1905) and Phyllocladoxylon Gothan (1905).
Earlier, Stopes (1915) had recognized the difficulties of separating Gothan’s 2 genera and
suggested combining them using Podocarpoxylon for podocarpaceous woods. Later Kräusel
(1949) concluded that Phyllocladoxylon and
Podocarpoxylon could be distinguished by differences in their crossfield pitting. He defined

Podocarpoxylon crossfield pits as having vertical to steeply inclined apertures, whereas
Phyllocladoxylon crossfield pits are characterized by oblique to elliptic apertures. Seward
(1919) reasoned that Gothan’s generic designation implied affinities to extant genera which
he concluded could not be assumed. However,
Seward’s description of Mesembrioxylon implies
a relationship to the Podocarpaceae because
he indicated that this new genus agreed structurally with the extant genera Podocarpus and
Dacrydium. Many researchers (Bhardwaj 1953,
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Fig. 4. Mesembrioxylon obscurum, comb. nov. (all radial sections): A, B, illustrations of the distribution and shape of
the crossfield pits (arrows; bar = 30 µm).

Jain 1964, Nishida 1966, Thayn and Tidwell
1984) have subsequently accepted Seward’s
view and used Mesembrioxylon for Mesozoic
woods of this type rather than either Podocarpoxylon or Phyllocladoxylon. Sahni (1937) considered Mesembrioxylon to most likely represent a type of podocarpaceous conifer. Despite
Seward’s suggestion, some podocarpaceous
species of Mesozoic and Cenozoic age that
could be assigned to Mesembrioxylon have
been placed in Phyllocladoxylon (Shimakura
1936, Nishida and Nishida 1983).

Other genera of petrified woods, including
Protophyllocladoxylon Kräusel (1939), Protopodocarpoxylon Eckhold (1923), Dacrydioxylon Greguss (1967), and Microcachryxylon
Torres et al. (1991), have been postulated as
having podocarpaceous affinities. Embergerixylon Lemoigne (1968) is similar but not yet
allied with woods related to Podocarpaceae
(Medlyn and Tidwell 1975). Xenoxylon Gothan
(1905) was established for woods without clear
familial relationship, although some authors
have proposed a link with this genus to the
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Podocarpaceae (e.g., Arnold 1952). This connection has not been supported, however, by
recent research (Phillipe and Thévenard 1996).
Greguss (1955) characterizes the extant
Podocarpaceae as having generally smooth or
only slightly thickened walls of the horizontal
ray cells. Usually, there is a single pit in the
crossfield in members of the family, except in
Podocarpus minor Parl. and Michrocachrys
tetragona Hook, F. The single crossfield pit in
Podocarpus L’Héritier and Dacrydium Sol. is
circular. Greguss (1955) further defines a
podocarpoid crossfield pit as having a mostly
oblique or vertical aperture that is almost as
large as the pit and a very narrow border, a
distinguishing character present in Mesembrioxylon obscurum.
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DO JAGUARS (PANTHERA ONCA) DEPEND ON LARGE PREY?
Carlos A. López González1,2 and Brian J. Miller1
ABSTRACT.—The jaguar (Panthera onca) has been classified as an opportunistic hunter that takes as many as 85 prey
species, according to availability. In this study we analyzed jaguar food habits throughout its range to quantify the
importance of small, medium, and large prey in the diet. Because peccaries (Tayassu) are present in most studies, we
also tested their importance in relation to other prey items. We conclude that jaguars are equally using medium- and
large-size prey, with a trend toward use of larger prey as distance increases from the equator. There was no significant
difference between the importance of peccaries and other large prey.
Key words: jaguar, Panthera onca, food habits, prey.

The jaguar (Panthera onca) is one of the
least studied of the large felids, with most
research carried out in the last 20 years (see
review by Sunquist in press). Because jaguars
are considered opportunistic predators, feeding on as many as 85 different prey items (Seymour 1989), it can be difficult to predict which
prey species are regionally important, a point
that is critical to conservation strategies.
In tropical areas where diets of jaguars have
been studied, they generally eat medium- and
large-sized mammals (Schaller and Vasconcelos 1978, Mondolfi and Hoogestijn 1986, Rabinowitz and Nottingham 1986, Emmons 1987,
Aranda 1994, Crawshaw 1995, Aranda and
Sanchez-Cordero 1996, Chinchilla 1997, Taber
et al. 1997, Crawshaw and Quigley in press).
In studies that analyzed more than 25 scats, 2
reported a preference for peccaries (Tayassu
pecari and T. tajacu; Crawshaw 1995, Aranda
and Sanchez-Cordero 1996), 2 reported preference for deer (Mazama gouazoubira and
Odocoileus virginianus; Taber et al. 1997, Nunez
et al. 2000), 1 reported preference for armadillo (Dasypus novemcinctus; Rabinowitz and
Nottingham 1986), and 1 reported preference
for reptiles (Emmons 1987). Four of these studies indicated use of large prey and 2 of those
reported a dominant use of peccaries. Peccaries have a range that coincides with the
jaguar, implying that those 2 species may have
an evolutionary link (Aranda 1994).
In this study we analyze the value of large-,
medium-, and small-sized prey to jaguars. We

also analyze peccaries both as part of the large
prey category and separate from the other
large prey to gain an understanding of possible evolutionary links.
METHODS
To test for preferences in jaguar diets, we
reviewed dietary studies of jaguars in 10 different geographic sites ranging from 25 degrees
South to 19 degrees North. Study sites included
(north to south) Jalisco, Mexico (Nuñez et al.
2000), Campeche, Mexico (Aranda and SanchezCordero 1996), Belize (Rabinowitz and Nottingham 1986), Costa Rica (Chinchilla 1997),
Caatinga, Brazil (Olmos 1993), Peru (Emmons
1987), Peru (Kuroiwa and Ascorra in press),
Paraguay (Taber et al. 1997), Argentina (Perovic
in press), Iguazu, Brazil (Crawshaw 1995). A
summary of the data used for the present
analysis is presented in Table 1. Habitat type
was obtained from the original publication,
and when this description was absent we used
the World Wildlife Fund classification. Human
impact for each study site was classified as
low, medium, or high based on the description
in the original manuscript, and we included
the status of the area as protected or not.
To standardize data and reduce bias associated with frequencies of occurrence (Ciucci et
al. 1996), all data were converted to relative
biomass consumed. Prey biomass consumed
per scat produced was regressed against live
body weight of the prey animals to determine

1Department of Conservation Biology, Denver Zoological Foundation, 2300 Steele St., Denver, CO 80205.
2Corresponding author. Present address: Sonoran Jaguar Conservation Project, 2114 W. Grant #121, Tucson, AZ 85745.
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TABLE 1. Database summary used to develop the present analysis.
Region (Latitude)

No. of
scats

Jalisco (19°N)
Campeche (18°N)

47
37

Belize (17°N)
Costa Rica (8°N)
Peru–Cocha Cashu (8°S)
Peru–Madre de Dios
(11°S)
Brazil–Caatinga (11°S)
Paraguay (20°S)
Argentina (23°S)
Brazil–Iguazu (25°S)

228
22
25
13
8
106
246
73

Habitat type

Human impact

Tropical dry forest
Tropical seasonal
flooded forest
Tropical rainforest

Low, protected area
Low, protected area

Tropical rainforest
Tropical rainforest
Tropical flooded forest—
riparian vegetation
Tropical dry forest
Tropical dry forest
Tropical dry forest

Low, protected area
Low, protected area
Low, protected area

Tropical rainforest

the relationship between body weight of prey
and scats produced. The resulting linear relationship (Y = 1.98 + 0.035X; the letter Y indicates biomass of prey consumed per scat and
X is prey body mass in kg) was then applied in
the form of correction factor to convert frequency of occurrence values for each taxon to
a relative estimate of biomass of each consumed (Floyd et al. 1978, Ackerman et al. 1984).
The linear model used to convert frequency of
occurrence to biomass consumed was developed for pumas (Puma concolor; Ackerman et
al. 1984) and was applied to jaguars under the
assumption of similar digestive tracts. A similar analysis has been applied to jaguars (Nuñez
et al. 2000), leopards (P. pardus), and tigers (P.
tigris; Karanth and Sunquist 1995). Frequency
of occurrence and percent occurrence typically overestimate the importance of small
prey and underestimate the value of large prey
in the diet (Ackerman et al. 1984, Karanth and
Sunquist 1995, Nuñez et al. 2000). Weights of
most prey items were obtained from the respective studies; otherwise, we referred to
Emmons (1997) and Reid (1997).
Prey were grouped into 3 categories: small
(<1 kg), medium (1–10 kg), and large (>10 kg).
In a 2nd analysis prey were grouped into 4
categories: small, medium, large excluding
peccaries, and peccaries. Percent biomass for
each prey category was arcsin transformed
and compared for each study site and for data
pooled across all study sites. These data were
analyzed using a 1-way ANOVA, and significant differences were detected using StudentNeuman-Keuls multiple comparison tests (Zar

High, nonprotected area

Low, nonprotected area
Low to high, nonprotected area
Low to high, nonprotected area,
fragmented
High, protected area,
fragmented

Source
Nuñez et al. 2000
Aranda and SanchezCordero 1996
Rabinowitz and
Nottingham 1986
Chinchilla 1997
Emmons 1987
Kuroiwa and Ascorra
in press
Olmos 1993
Taber et al. 1997
Perovic in press
Crawshaw 1995

1984). Data from a given study site also were
plotted against latitude to search for prey class
patterns along a north–south gradient. P > 0.05
was considered nonsignificant.
RESULTS
Percent biomass consumed was similar
between medium- and large-prey categories,
with a very low proportion of prey use from
the small category. A clinal pattern was evident from the comparison of prey and latitude.
Jaguars living farther away from the equator
used larger prey more frequently, whereas
jaguars living nearer the equator depended
more heavily on medium-sized prey (Fig. 1A).
Across all studies, average proportions of
prey consumed by jaguars was 4.32 ± 7.32%
for small-sized prey, 47.65 ± 26.84% for medium-sized prey, and 48.03 ± 26.15% for largesized prey. Relative percent biomass differed
among size classes (F = 26.076, df =2, P <
0.001). Small-prey consumption was significantly different from consumption of mediumsized prey (q = 8.905, P < 0.05) and large prey
(q = 8.783, P < 0.05). There was no difference
in consumption of medium- and large-sized
prey (q = 0.122, P > 0.05).
When peccaries were treated as a separate
prey category from small-, medium-, and largesized prey, percent biomass still differed among
categories (F =10.435, df =3, P < 0.001).
Although peccaries are present in most jaguar
diets (mean biomass = 25.7 ± 15.1%), their
value to the jaguar diet is not significantly different from the rest of the large-sized prey
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Fig. 1. North–south clinal variation in the percentage of
biomass consumed by jaguars from prey categories. Data
from Aranda and Sanchez 1996, Chinchilla 1997, Crawshaw 1995, Emmons 1987, Kuroiwa and Ascorra in press,
Nunez et al. 2000, Olmos 1993, Perovic in press, Rabinowitz and Nottingham 1986, Taber et al. 1997. Graph A
contains 3 categories: small, medium, and large prey.
Graph B contains 4 categories: small, medium, large, and
peccaries.

items (q = 0.891, P > 0.05; Fig. 1B). The use
of small-sized prey by jaguars was different
from medium-sized prey (q = 7.862, P > 0.05),
large-sized prey (q = 3.503, P < 0.05), and
peccaries (q = 4.394, P < 0.05). Use of peccaries was significantly different from use of
medium-sized prey (q = 3.469, P < 0.05).
DISCUSSION
In our review of dietary studies, jaguars
were not dependent on large prey and apparently can survive on medium-sized prey such
as has been reported for leopards (Bothma and
Le Riche 1986, Bailey 1993), cheetahs (Acinonyx jubatus; Laurenson 1995), and pumas
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(Branch et al. 1996). Average mass of mediumsized prey was 4.0 ± 2.2 kg, which should be
enough to maintain a large cat (considering
the energetic model by Ackerman et al. 1986).
Large prey, however, may play a more important role when females have kittens (see Ackerman et al. 1986).
In the studies we reviewed, researchers had
no reliable way of determining which individual jaguar left a given scat, and this may have
confounded analyses. Analyses may have been
subject to pseudoreplication, with one individual contributing more heavily to results (see
Hurlbert 1984). Ross et al. (1997) reported that
food habits of solitary female cats can be significantly different from those of males.
Use of medium-sized prey by jaguars is also
likely an artifact of human disturbance in a
region. Unregulated harvest of large- and
medium-sized prey by humans can significantly alter an ecosystem (Redford and Robinson 1987), and the disappearance of favored
prey can force jaguars to prey upon livestock
(Ackerman et al. 1986, Hoogesteijn et al. 1993).
Prey declines also cause animals to move over
greater distances, thereby increasing their vulnerability (Woodroffe and Ginsberg 1998).
We conclude that jaguars can use both
medium- and large-sized prey that are available and behaviorally vulnerable (i.e., present
in large groups, predictable distributions). We
do not conclude, however, that either mediumor large-sized prey can be replaced adequately
by the other category if prey in one category
declines significantly.
From this review we could not conclude
that peccaries, or any single prey species,
were an important factor in jaguar evolution,
largely due to the flexibility jaguars exhibit in
prey acquisition (see Seymour 1989). In addition, humans have drastically altered the suite
of available prey, making it difficult to draw
evolutionary conclusions from recent information on prey selection.
Jaguar fossils exist in North America from
the mid-Pleistocene about 1.5 million years
ago (Seymour 1989, Turner 1997). During the
mid-Pleistocene jaguars ranged over South and
North America as far north as Washington,
Nebraska, and Maryland, but in the Recent
Epoch, the northern limit has been southern
Arizona, New Mexico, and Texas (Seymour
1989, Brown and López González 2000).
Because of this range reduction, Kurten and
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Anderson (1980) stated that jaguars in their
present range constitute a relict population of
what was once a more widely distributed Holarctic form (see also Seymour 1989). Indeed,
jaguar fossils in the north are older than those
found in Central and South America, and
North American fossils outnumber fossils of
South America by 73 to 18 (Seymour 1989).
Turner (1997) has proposed that the jaguar
was likely driven from the more open habitat
in the northern part of its range by the later
appearance of the lion (P. atrox) in North
America.
In contrast, the oldest peccary (Tayassu) records in the Americas are from the Late Pleistocene to early Recent (Mayer and Wetzel
1987), and the boundary between those 2
epochs was about 11,000 years ago. Tayassu
probably underwent most of its evolution in
Central and South America (Mayer and Wetzel 1987). Potential differences in time and
centers of evolution would reduce the likelihood of co-evolution between peccaries and
jaguars. It also indicates that although peccaries are certainly important jaguar prey, the
range overlap between those 2 species may be
correlated, but not causal.
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ASSESSMENT OF CRYPTOBIOTIC CRUST RECOVERY
Robert C. Rychert1
ABSTRACT.—Chlorophyll a and b analyses of cryptobiotic crusts from burned and unburned sites on the Snake River
plain provided an estimate of crust recovery. In less than 3 years, chlorophyll a levels were approximately 50% of the
unburned reference site. Chlorophyll a/b ratios indicated that the biotic composition of the recovering cryptobiotic crust
consisted largely of eukaryotic algae and bryophytes.
Key words: cryptobiotic crusts, chlorophyll, fire recovery, Snake River plain.

Relatively undisturbed arid and semiarid
landscapes can exhibit a soil surface cover of
microphytes including mosses, lichens, algae,
fungi, and cyanobacteria (Lange et al. 1992).
Termed cryptogamic or microbiotic (Johansen
1993), cryptobiotic (Belnap et al. 1994), or
microphytic crusts (Beymer and Klopatek
1991), these biological assemblages protect
the soil from erosion (Harper and Marble 1988)
and function in carbon cycling (Beymer and
Klopatetk 1991) and nitrogen cycling (Rychert
et al. 1978).
There has been increasing interest in trying
to assess recovery rates of cryptobiotic crusts
after disturbance (e.g., overgrazing, fire, agriculture). Belnap (1993) found that the use of
spectrophotometrically determined chlorophyll
a as a measure of recovery of cryptobiotic
crusts was both time-efficient and reliable.
Chlorophyll a levels increased at rates of 1.0–
2.6% per year after disturbance at various Utah
sites.
Fire can destroy microbiotic crusts. Greene
et al. (1990) observed reduction in coverage of
soil crusts following fire. Soil erosion rate and
the amount of bare soil surface per unit area
increased, and a decline in aggregate stability
in the 0–1 cm horizon was also observed.
Johansen et al. (1982, 1993) observed significant reduction in the biomass of algal/cyanobacterial soil crusts after burning, although
species diversity remained constant.
Recovery rates of soil crusts following fire
can vary depending on the organisms involved
and climatic conditions. In the lower Columbia
Basin, Johansen et al. (1993) observed little

increase in algal/cyanobacterial density of soil
crusts during the first 16 months following
fire. It was also observed that immediately following fire the algal/cyanobacterial/moss crust,
although dead, was still intact. Estimates of
algal and cyanobacterial recovery time in terms
of biomass and diversity range from 16 months
to 5 years (Johnasen et al. 1982, 1993). Recovery appears to be highly dependent on precipitation patterns and composition of the crust,
which are in turn influenced by soil characteristics and climate (Johansen et al. 1993).
This study is a preliminary attempt to estimate the recovery of cryptobiotic crusts on
Idaho rangeland sites in the lower Snake River
plains of Idaho following disturbance by fire.
The use of chlorophyll determinations to provide both qualitative and quantitative estimations of cryptobiotic crust recovery was evaluated.
MATERIALS AND METHODS
Cryptobiotic crust samples were collected
nearly 3 years after the 1996 Kuna Butte fire
(location: southwest of Boise, Idaho, Township
2 North, Range 1 West, Section 4). The lightning-caused fire began on 26 August 1996 and
burned 5785 acres. The sampling area was formerly a Wyoming big sagebrush community
similar to an adjacent unburned area. The
burned area was dominated by cheatgrass
(Bromus tectorum) and tumblemustard (Sisymbrium altissimum). Most of the burned area
still has good cover of perennial grasses, primarily Sandberg’s bluegrass (Poa secunda) and

1Biology Department, Boise State University, Boise, ID 83725.
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TABLE 1. Chlorophyll concentrations: burned vs. unburned sites.

Site

Chlorphyll a
(mg m–2)
_____________________________
Standard Coefficient
Meana
deviation of variation

Chlorophyll b
(mg m–2)
_____________________________
Standard Coefficient
Meanb
deviation of variation

a/b ratio
_____________________________
Standard
Coefficient
Meanc
deviation
of variation

Unburned
Burned

130.163
65.159

53.259
39.647

2.493
1.658

50.690
26.258

38.943
40.298

18.146
14.421

34.071
36.372

0.808
0.369

32.418
22.274

at test, significantly different, P = 0.0020.
bt test, not significantly different, P = 0.0797.
ct test, significantly different, P = 0.0082.

bottlebrush squirreltail (Elymus elymoides)
amongst the cheatgrass. The fire was high
intensity, resulting in destruction of the biological crust. Trace amounts of moss were
observed on the soil surface during sampling.
Observations in the nearby Poen fire suggest
that crust cover does not become visibly
apparent until approximately 3–4 years following a high-intensity fire.
Vegetation in the adjacent unburned area is
Wyoming big sagebrush (Artemisia tridentata
ssp. wyomingensis) with an understory of bluebunch wheatgrass (Pseudoroegneria spicata)
and Thurber’s needlegrass (Achnatherum thurberianum). Sandberg’s bluegrass and bottlebrush squirreltail are also present. The soil
surface in the unburned area has a nearly
complete cover of biological soil crust dominated by mosses (primarily Bryum spp.) and
lichens. The soil of the sampling area is classified as a fine-silty, mixed, mesic Xerollic Haplargid. The texture is a silt loam.
Soil “cores” consisting of cryptobiotic crust
plus soil were collected with sterile plastic
petri dishes serving as coring devices (1 cm
deep and 47 mm in diameter). Ten samples
were collected from both the burned and unburned areas and kept on ice. Chlorophyll pigments were extracted with dimethylsulfoxide
(DMSO) the same day (12 March 1999), following the procedures of Ronen and Galun
(1984; 60°C for 50 minutes). Following filtration of the extracts through a Whatman #1 filter, absorbance readings at 750 nm, 665 nm,
648 nm, 435 nm, and 415 nm were made with
a Spectronic 20 Genesys spectrophotometer.
Chlorophyll a (Ca) and chlorophyll b (Cb)
concentrations were determined using the
equations of Barnes et al. (1992):
Ca (in mg L–1) = 14.85 A665 – 5.14 A648
Cb (in mg L–1) = 25.48 A648 – 7.36 A665

Chlorophyll concentrations are expressed as
mg m–2, extrapolated from the 1.73 × 10–3 m2
soil core(s).
Statistical analyses were run with SAS for
Windows, version 8 (SAS Institute, Inc. 1999).
RESULTS AND DISCUSSION
Chlorophyll a concentrations, chlorophyll b
concentrations, and chlorophyll a/b ratios are
higher for the unburned than the burned site
(Table 1). The burned site had chlorophyll a
levels that are 50% of the unburned site. Mean
chlorophyll a concentrations for both the
burned (65 mg m–2) and control (130 mg m–2)
sites were much higher than the levels determined by Belnap et al. (1994) with disturbed
cryptobiotic soil crusts in Utah (approximately
10–50 mg m–2), but they are similar to
endolithic microphytic chlorophyll a levels
reported by Bell and Sommerfield (1987; 87
mg m–2) on the Colorado Plateau, and by
Matthes-Sears et al. (1997; 73 mg m–2) in
Ontario, Canada. Recovery of the cryptobiotic
crust probably does not occur as a linear function; however, in less than 3 years, chlorophyll
a values are approximately half recovered.
Chlorophyll a/b ratios may provide some
indication of soil crust recovery after disturbance. Table 2 lists some chlorophyll a/b ratios
from a variety of algae, plants, and lichens.
Cyanobacteria (blue-green algae) lack chlorophyll b (Shoaf and Lium 1976). So, if the soilstabilizing, nutrient-cycling, and nitrogen-fixing functions of cyanobacterial-lichen crusts
represent the undisturbed ecological condition
for arid and semiarid soil surfaces (Rychert et
al. 1978, Buttars et al. 1998), higher chlorophyll a/b ratios may represent a useful assessment parameter. In this study the burned site
exhibited a chlorophyll a/b ratio of 1.66, suggesting that cryptobiotic recovery after fire
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TABLE 2. Chlorophyll a/b ratios found in literature.
Biocomponent

N

Mean a/b

s

sx–

Range

Reference

Vascular plants
Moss
Chlorophyta
Lichens, algae, and
cyanobacteria (mixture)
Lichens

10
1
7

2.38
2.51
3.00

0.56

0.24

1.51–3.23

0.87

0.29

1.89–4.16

Barnes et al. (1992)
Sheridan and Rosentreter (1973)
Shoaf and Lium (1976)

1
8

3.69
6.09

2.50

0.41

2.84–10.18

Matthes-Sears et al. (1977)
Barnes et al. (1992)

involves mainly eukaryotic algae and bryophytes. The chlorophyll a/b ratio for the reference site was 2.49, probably reflecting the
predominant moss (Bryum spp.) cover, although a few lichens were present.
Chlorophyll a degradation to phaeophytin a
occurs for a variety of reasons including extraction with solvents, air pollution, and exposure to air (oxidation). The state of degradation
of chlorophyll a can be measured by the absorbancy at 435/415 nm ratio (Ronen and Galun
1984). The mean A 435/415 in this study was
0.933 for the unburned site (s 0.065, sx– 0.070)
and 0.898 for the burned site (s 0.032, sx– =
0.40). This is very similar to the degradation
noted by Belnap et al. (1994). Based upon the
mixtures tested by Ronen and Galun (1984),
just under 50% of the chlorophyll a has been
degraded. Freezing and thawing, characteristic of the spring climate, would tend to reduce
chlorophyll a/b ratios due to the greater effect
on chlorophyll a (Barnes et al. 1992). However,
in this study the A 435/415 ratios are nearly
identical; therefore, chlorophyll a/b ratios and
chlorophyll a concentrations for the burned
and reference sites can be compared unambiguously.
This study represents the first analysis of
chlorophyll a in cryptobiotic crusts from the
Snake River plain. The crust recovery rate
estimated from this study reflects crust assemblage and climatic differences from other sites
(Belnap 1993). Recovery rates may be site specific. Selective sampling primarily of mossand lichen-covered sites would provide important additional information on in situ chlorophyll a/b ratios.
Monitoring chlorophyll a and b concentrations can provide 2 important indicators of
cryptobiotic crust recovery. Chlorophyll a levels are an estimate of cryptobiotic crust biomass, while chlorophyll a/b ratios are an indicator of how the biotic composition of the

cryptobiotic crust is changing. Temporal studies exhibiting higher or increasing ratios
would suggest development or return of cyanobacteria and lichens as components of the crust.
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THE EFFECT OF FLOODING ON NORTHERN BOBWHITES
Roger D. Applegate1, Christopher K. Williams2, and R. Scott Lutz2
Key words: Colinus virginianus, flooding, mortality, Northern Bobwhite.

Effects of flooding on mammals (Yeager
and Anderson 1944) and reptiles (Stickel 1948)
have been documented, and Northern Bobwhites (Colinus virginianus) have been known
to drown (Schorger 1946, Mullan and Applegate 1969). However, on landscape and population scales, the implications of mortality
from extensive flooding are undocumented for
birds. We document mortality of bobwhites,
possibly by drowning, because of flooding in
east central Kansas.
From 31 October through 2 November 1998,
21 cm of rain fell in Lyon County, Kansas
(Kansas Precipitation Report ftp//oz.oznet.
ksu.edu). Water levels in all rivers and streams
in the area overflowed their banks for the 3rd
time in the decade (1993, 1995, 1998). The
Cottonwood and Neosho rivers and their tributaries flooded a minimum area of 130 km2 of
Lyon County. During this period we observed
the effects of flooding on Northern Bobwhites.
We conducted research on 12 independent
259-ha parcels of private and public land.
Study areas were separated by at least 1.6 km.
Distances between study areas were small
enough to eliminate confounding climate and
habitat heterogeneity effects on the population and yet large enough to avoid bobwhite
interchange between study sites. Study areas
were located in eastern Lyon County, western
Osage County, and western Coffee County,
Kansas. All study areas (1) were composed of
habitat that was representative of east central
Kansas and (2) allowed no hunting of bobwhites. Additionally, 5 of the 12 study areas
were entirely or partially within the floodplain
of the Cottonwood and Neosho rivers (termed
floodplain study areas, FSA). The remaining 7
study areas were considered to be outside the

floodplain in upland areas (termed upland
study areas, USA).
Bobwhites were captured 1 October–1
December 1998 using bait-traps (Stoddard
1931) and night-lighting (Labisky 1968). Upon
capture, birds were sexed, aged (Rosene
1969), and weighed to the nearest gram. From
each covey we randomly selected 3 birds that
were fitted with a necklace-type radio-transmitter weighing <6 g (Burger et al. 1995).
Birds weighing <150 g were not radio-marked
to avoid stress from radio-collars weighing
>5% of body mass (Samuel and Fuller 1994).
All other birds captured in the covey were legbanded. We immediately released all birds at
the capture location. Radio-tagged individuals
were located 5–7 times per week by homing
(White and Garrott 1990) until death, radio
failure, or 31 January. We recorded individual
locations as Universal Transverse Mercator
(UTM) coordinates with a resolution of 1.00
ha (Exum et al. 1982).
We monitored bobwhite survival during
the period of flooding (31 October–1 December 1998). Survival rates were calculated with
staggered entry additions, and all assumptions
were met (Kaplan and Meier 1958, Pollock et
al. 1989). We allowed birds to adjust to radiocollars for 7 days before they were included in
survival analysis. We right-censored birds
when fate was unknown or there was radio
failure or loss, emigration from the study area,
or survival beyond 31 January. Additionally,
we estimated cause-specific mortality rates,
classifying mortality agents as flooding or natural mortality. Both survival and mortality
rates were calculated within the staggered
entry survival model between treatments with
log-rank tests (P ≤ 0.10; Pollock et al. 1989).

1Department of Wildlife and Parks, Box 1525, Emporia, KS 66801.
2Kansas Department of Wildlife Ecology, University of Wisconsin, Madison, WI 53706.
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We measured the effect of flooding on
covey daily movement to investigate the possible effect of migration as a means to avoid
natural catastrophe stochasticity. We estimated
movement by calculating a mean daily distance between radio-locations for the initial 2
weeks after the flood. We used an independent t test (P ≤ 0.10) to compare movement
between treatments. All means are reported ±
standard error.
Between 31 October and 1 December
1998, 66 individuals within 24 coveys in USA
and 43 individuals within 11 coveys in FSA
were used to estimate survival and cause-specific mortality. After the floodwaters receded,
5 radio-collared birds from 2 coveys were
found under flood debris and silt in the FSA.
Five radio-collared birds from 3 coveys were
never relocated. While we cannot be certain,
it is probable that these 5 coveys were decimated in the flood. Additionally, after a 2.7-cm
rain event on 30 November 1998 (Kansas Precipitation Report ftp//oz.oznet.ksu.edu), we
found 2 radio-collared birds, representing 2
different coveys (1 in USA and 1 in FSA),
dead under flood debris and silt. Even this
smaller flash flood event was not without
impact on the local bobwhite population. Final
survival estimate between 31 October and 1
December 1998 on USA was 0.875 ± 0.048
(natural mortality = 0.104 ± 0.044, flood mortality = 0.021 ± 0.021). Final survival estimate
on FSA was 0.417 ± 0.091 (natural mortality =
0.364 ± 0.091, flood mortality = 0.218 ± 0.247).
Survival was significantly lower on FSA (χ21
= 67.61, P < 0.01). Although flooding mortality was higher on FSA (χ21 = 28.72, P < 0.01),
interestingly, natural mortality was also higher
on FSA (χ21 = 36.86, P < 0.01). It is possible
that displaced coveys, as a result of the flood,
became more vulnerable to predation.
Coveys on FSA that did not go extinct from
the flood moved their range to avoid floodwaters. We found that coveys in FSA moved
more during the 2-week period after the flood
(FSA: 200.90 ± 29.50, USA: 149.93 ± 12.61, t33
= 1.878, P = 0.69). Additionally, on 3 November 1998, a covey of 12 Northern Bobwhites
was observed in a residential neighborhood of
Emporia, Kansas, approximately 0.4 km from
the nearest known bobwhite habitat in the
flooded lowlands of the Neosho River. Bob-
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whites had not been present in this neighborhood before the flood and have not been seen
since 8 November when the covey consisted
of 10 birds. This covey was likely displaced
from its usual range by the floodwaters. Yeager
and Anderson (1944) found that flooding displaces certain mammals.
Assuming we did record the complete
extinction of 5 coveys in FSA, we estimate that
0.39 coveys ⋅ km–2 would have been lost within the floodplain. Assuming similar losses
throughout the county impacted by the flood
(130 km2), 50 coveys could have been lost in
Lyon County alone during the 31 October to
2 November flood event. In addition, an unknown number of coveys was likely displaced
to adjacent upland habitat during the flood.
Additional birds were likely lost during the
smaller 30 November event.
Flooding reduced populations of mammals
in some studies (Blair 1939, Yeager and
Anderson 1944, McCarley 1959, Turner 1966).
Mammal (Yeager and Anderson 1944, Stickel
1948, Wetzel 1958, Blem and Blem 1975, Ellis
et al. 1997) and reptile (Stickel 1948) numbers
were not affected in others. The direct impact
of flooding on bobwhite populations may be as
significant as severe winter weather (Roseberry 1962, 1964) and could depress local bobwhite populations. Additional mortality due to
displacement and concentration during floods
is unknown. However, because natural mortality in FSA was very high compared with USA,
increased crowding on available dry ground
possibly prompted a density-dependent feedback. Regardless, our analysis indicates flooding in this region can provide significant environmental stochasticity, and such variance
should be considered in future predictive population models.
This paper is a contribution in part of Kansas
Department of Wildlife and Parks PittmanRobertson Federal Aid Project W-39-R. Jere
Gamble, Terry Kostenek, and the staff of Flint
Hills National Wildlife Refuge cooperated in
many ways. We are grateful to the private
landowners who gave us access to their land
for study. Brian Flock assisted with GIS calculation of floodplain area. N. Woffinden and an
anonymous reviewer suggested improvements
to the manuscript.
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OCCURRENCE OF COROPHIUM SPINICORNE STIMPSON, 1857
(AMPHIPODA: COROPHIIDAE) IN IDAHO, USA
Gary T. Lester1 and William H. Clark2
Key words: Amphipoda, Corophium, introduced species, Snake River.

We report a significant range and habitat
extension for the amphipod Corophium spinicorne Stimpson, 1857, in Idaho, USA. The
species has been reported as an inhabitant of
coastal estuaries, bays, lagoons, and adjacent
river mouths from Alaska to California. Our
records add the inland state of Idaho to its distribution and freshwater to its habitat. We
report the species from 2 sites on the Snake
River, which extend the range 754 km and 795
km, respectively, upstream from the Pacific
Ocean.
Corophium spinicorne is known from Alaska
to Waddell Creek, Santa Cruz County, California (Barnard 1954). This species has been
found living in estuaries as a tube builder
attached to debris on mud bottoms (Smith and
Carlton 1975) and from American Pacific coastal
streams and pools (Eriksen 1968). Some water
quality and environmental data for Corophium
sp. have been reported (Eriksen 1968, Forsberg et al. 1977, Grosse et al. 1986). Several
reports of Corophium spinicorne as prey of fish
along coastal habitats in California, Oregon,
and Washington give additional information
concerning the distribution and habitats of
this species (Forsberg et al. 1977, McCabe et
al. 1993, Busby and Barnhart 1995, Swenson
and McCray 1996). Although Corophium spinicorne occurs in tidal freshwater, it has previously not been considered fully adapted to
freshwater (Hutchinson 1967).
While identifying contract macroinvertebrate samples from Idaho waters, we encountered a crustacean that was unidentifiable
using freshwater keys, including Thorp and
Covich (1991) and Pennak (1989). These 2 taxonomic references, which are frequently used
1EcoAnalysts, Inc., 105 East 2nd Street, Suite #1, Moscow, ID 83843.
2Department of Environmental Quality, 1410 North Hilton Street, Boise,

by freshwater benthic taxonomists throughout
North America, treat most major groups of
freshwater invertebrates in North America,
exclusive of insects. One author (GTL) determined that, due to the presence of osmobranchia, the specimens were indeed aquatic;
therefore, the possibility of a marine/brackish
species was considered. Specimens were sent
to Dr. Kevin Li, King County Environmental
Lab, Seattle, Washington, for confirmation and
were identified as Corophium spinicorne Stimpson.
The field methods used to collect these
specimens are described in detail in Beneficial
Use Reconnaissance Project Technical Advisory Committee (1998). In general, 3 macroinvertebrate samples were collected at each
site using either a Slack sampler or petite Ponar
dredge, depending upon substrate conditions.
Samples were collected at 3 riffle/run transects and were preserved in 70% ethanol in
the field. EcoAnalysts, Inc. laboratory technicians combined the 3 samples in a 500-micron
sieve and spread the sample into a gridded
Caton® subsampling tray. Technicians randomly selected each grid, removed all organisms, and placed the organisms in a properly
labeled vial containing 70% ethanol preservative. Once the target count of 500 organisms
was reached, the technicians sorted the last
square to completion. Taxonomists then identified all organisms in the sample to the lowest
practical level (usually genus or species).
Specimens of Corophium spinicorne were
encountered at 2 sampling stations on the
Snake River. Both stations are upstream of
Lewiston, Idaho, a port located at river kilometer 230, 752 km upstream from the Pacific
ID 83706, and Orma J. Smith Museum of Natural History, Albertson College of

Idaho, Caldwell, ID 83605-4432.
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TABLE 1. Water quality and habitat variables for Corophium spinicorne Stimpson in the lower Snake River, Idaho, 2–3
September 1998.
Variable

Site 003 (Asotin)

Site 004 (Grande Rond)

23.7
7.7
320
9.1
run/riffle
33

22.8
7.5
333
9.1
run/riffle
67

Temperature (°C)
Dissolved oxygen (mg ⋅ L–1)
Conductivity (µS ⋅ cm–1)
pH (SU)
Habitat type
Substrate embeddedness (%)

Ocean. Barge traffic from the ports of Lewiston, Idaho, and Clarkston, Washington, travel
down the lower Snake River to the Columbia
River, where they deliver cargo to port cities
on the west coast of Oregon and Washington.
Primary cargoes are timber and grain. The
collection localities are as follows:
(1)

(2)

IDAHO, Nez Perce Co., Snake River (river
kilometer 273.6). 6 specimens. 3.2 km above
confluence w/Grande Rond River. T31N
R05W S03 SW NE elev. 268 m. 3 Sept.
1998, K. Davis. 1998 BURP# RLEWP004.
IDAHO, Nez Perce Co., Snake River near
10-Mile Creek (Asotin, Washington, river
kilometer 233.4). 1 specimen. T34N R05W
S08 NW NE SW elev. 229 m. 2 Sept. 1998,
K. Davis. 1998 BURP# RLEWP003.

Physical habitat and water quality parameters
for these sites are presented in Table 1. A
complete list of macroinvertebrate taxa present at these sites is presented in Table 2.
Voucher specimens of Corophium spinicorne
are deposited in the Orma J. Smith Museum
of Natural History, Albertson College of Idaho,
Caldwell, Idaho; Monte L. Bean Life Science
Museum at Brigham Young University, Provo,
Utah; and EcoAnalysts, Inc. macroinvertebrate
laboratory in Moscow, Idaho.
Although we have not examined specimens
from any other studies on the lower Snake
River, Corophium spinicorne was reportedly
encountered throughout the lower Snake River
in Washington state (Russ Biggam personal
commuication). We suspect that C. spinicorne
is well established throughout the lower Snake
and Columbia rivers, both of which are freshwater (nonbrackish) rivers. It is possible that
damming of these 2 rivers has created favorable habitat for C. spinicorne to colonize. It is
also possible that barges coming upstream
have carried specimens in ballast water and
introduced them as far upriver as Lewiston,
Idaho. Since the specimens collected in Idaho

were upstream of any barge traffic, it is likely
they persisted over time and populations have
expanded upstream from Lewiston. Corophium
spinicorne is a permanent resident of freshwater in North America and should be incorporated into future taxonomic treatments of freshwater macroinvertebrates.
We thank Luana McCauley and the Idaho
State Library for assistance in locating some of
the literature cited in this paper. The specimens were collected by K. Davis. Dr. Kevin Li
verified the identification of Corophium spinicorne, and Russell C. Biggam (University of
Idaho) assisted with unpublished distribution
records. John Pfeiffer (EcoAnalysts, Inc.) initially brought the specimens to the primary
author’s attention.
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TABLE 2. Invertebrate associates of Corophium spinicorne Stimpson in the lower Snake River, Idaho, 2–3 September
1998.
Associated taxa
TRICLADIDA
Dugesia tigrina
NEMATODA
OLIGOCHAETA
Spirosperma ferox
Tubificidae
Limnodrilus hoffmeisteri
CRUSTACEA
Corophium spinicorne
INSECTA
Ephemeroptera
Acentrella insignificans
Baetis tricaudatus
Heptagenia sp.
Stenonema terminatum
Tricorythodes sp.
Odonata
Ophiogomphus sp.
Coleoptera
Optioservus sp.
Zaitzevia sp.
Trichoptera
Brachycentrus occidentalis
Cheumatopsyche sp.
Culoptila sp.
Glossomatidae
Hydropsyche sp.
Hydrophychidae
Leucotrichia sp.
Lepidoptera
Petrophila sp.
Diptera
Empididae
Chironomidae
Cardiocladius sp.
Chironomus sp.
Cladotanytarsus sp.
Cricotopus (Isocladius) Type I
Cricotopus sp.
Dicrotendipes sp.
Eukiefferiella devonica group
Microtendipes pedellus group
Nanocladius sp.
Orthocladius rivicola group
Orthocladius complex
Paracladopelma sp.
Polypedilum sp.
Procladius sp.
Rheotanytarsus sp.
Synorthocladius sp.
Tanytarsus sp.
MOLLUSCA
Bivalvia
Corbicula fluminea
Gastropoda
Fisherola nuttali
Fluminicola sp.
TOTAL TAXA

Site 003 (Asotin)

Site 004 (Grande Rond)

X
X

X
X

X
X
X
X

X

X
X

X
X
X
X

X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X

X
X
X

X

X
X
X
X
X

X

X
X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X

X

X
X
X
36
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HERPETOFAUNA OF THE SOUTHERN SNAKE RANGE OF NEVADA
AND SURROUNDING VALLEYS
Kirk Setser1, Jesse M. Meik1, and Daniel G. Mulcahy1,2
Key words: Snake Range, Great Basin, herpetofauna, distributions, habitat associations.

In comparison with other North American
deserts, the Great Basin has a depauperate
herpetofauna consisting primarily of wideranging, habitat-generalist species (Stebbins
1985). Great Basin amphibians and reptiles
are often placed into broad groups based on
overall geographic distribution of the species,
such as northern versus southern (Macey and
Papenfuss 1991) or eastern versus western
(Hovingh 1997). Many species occur only in
the periphery of the Great Basin Desert, where
they are restricted to pockets of suitable habitat (Tanner 1978). Although general biogeographic patterns can be seen, the subtle distributional nuances at local levels have yet to be
elucidated for many species in the Great Basin
(but see Hovingh 1997, Zamudio et al. 1997,
Bos and Sites 2001). Distributions remain
poorly understood due to the relatively large
area encompassed and the scarcity of intensive inventory studies (e.g., Vindum and Arnold
1997). Here we discuss the results of a herpetological survey of the southern Snake
Range and surrounding valleys conducted 20–
25 May 2000.
The study area is situated in and around
the southern Snake Range, including Great
Basin National Park, in White Pine County,
Nevada, and adjacent Millard County, Utah
(Fig. 1). Physiography of the Snake Range is
typical of the Basin and Range Province, being
characterized by abrupt north–south trending
mountains and their associated interconnecting valleys. The Snake Range is among the
highest in the Great Basin with peaks exceeding 3000 m in elevation. Snake Valley lies to
the east of the Snake Range and was formerly
inundated by ancient Lake Bonneville (Mifflin
and Wheat 1979, Hovingh 1997). Spring Valley

flanks the western face of the Snake Range
and is higher in elevation than Snake Valley
(~1750 m compared to ~1525 m at low points
on the respective valley floors). Spring Valley
lies outside the Bonneville Basin but was periodically inundated during the Pleistocene by
smaller, isolated pluvial lakes (Mifflin and
Wheat 1979, Hovingh 1997).
Survey crews recorded over 400 observations of reptiles and amphibians during the
course of this study. Most observations were
recorded during visual surveys in appropriate
habitat. Several additional observations resulted
from driving roads at night and from inspecting beneath natural cover objects. We also
attempted to listen for chorusing amphibians
in wetland habitats; however, when using this
technique, we did not detect any animals. At
least one specimen of each species captured
was taken as a voucher. These specimens are
deposited at the California Academy of Sciences, San Francisco. Crews searched lower
and middle elevations (below 2500 m) of 7
montane drainages of the southern Snake Range,
concentrating efforts in the riparian zones and
adjacent pinyon-juniper woodland of perennial streams draining the eastern slope of the
southern Snake Range. We also surveyed various lower-elevation vegetative communities in
Snake and Spring valleys.
We divided surveyed areas into 3 valley
and 2 montane habitat categories: low desert
scrub, sagebrush shrubland, wetland, pinyonjuniper woodland, and montane riparian, respectively. Low desert scrub consists of communities dominated by Artemisia arbuscula,
Atriplex sp., Sarcobatus vermiculatus, and
Distichlis spicata. This habitat is prevalent at
low elevations in Snake Valley. We recorded

1Department of Biology, Utah State University, Logan, UT 84322-5305.
2Corresponding author.
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Fig. 1. Map of the southern Snake Range and surrounding valleys. Dots represent reptile and amphibian observation
points, thus indicating areas surveyed. Thin lines represent major drainages, thick hatched lines represent roads, and
the solid line is the Nevada-Utah state border.

Cnemidophorus tigris, Uta stansburiana,
Phrynosoma platyrhinos, Crotaphytus bicinctores, Pituophis catenifer, Masticophis taeniatus, Hypsiglena torquata, Crotalus viridis, and
Spea intermontana from this habitat (Table 1).
Sagebrush shrubland occurs at higher elevations in Snake Valley and is prevalent on
both the floor and lower foothills of Spring
Valley. Artemisia tridentata typically dominates in this habitat, but other taxa including
A. arbuscula, Atriplex sp., Sarcobatus vermiculatus, Ephedra sp., and various grasses are
locally abundant. We observed Cnemidophorus tigris, Uta stansburiana, Sceloporus graciosus, S. occidentalis, Phrynosoma platyrhinos, P.
hernandesi, Crotaphytus bicinctores, Gambelia
wislizenii, Pituophis catenifer, Thamnophis elegans, Crotalus viridis, and Spea intermontana
in sagebrush shrubland (Table 1).
Several mixosaline wetlands occur in Spring
and Snake valleys. These habitats chiefly consist of persistent palustrine emergent wetlands

(Cowardin et al. 1978). Wetland complexes in
Spring and Snake valleys include permanently
flooded, intermittently exposed, semipermanently flooded, seasonally flooded, saturated,
and temporarily flooded water regimes. These
palustrine wetlands also include open water
areas with a mixture of unconsolidated bottom
and aquatic bed class wetlands. Open water
habitats are generally small and shallow, and
they comprise a small portion of the total wetland area. Juncus sp., Scirpus sp., Carex sp.,
and various grasses characterize these areas.
We encountered 2 native species in low-elevation wetlands: Thamnophis elegans and Rana
pipiens. A single introduced species, R. catesbeiana, was also seen in wetland habitat (Table
1). Both species of ranid frogs were seen only
in low-elevation wetlands.
On the upper foothills and in the canyons
of the Snake Range, woodlands of Pinus monophylla and Juniperus osteosperma replace
shrubland communities. Within most eastern
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TABLE 1. Number of observations of reptile and amphibian taxa by habitat in the southern Snake Range and surrounding valleys.

Person hours searched
TEIIDAE
Cnemidophorus tigris
PHRYNOSOMATIDAE
Uta stansburiana
Sceloporus graciosus
Sceloporus occidentalis
Phrynosoma platyrhinos
Phrynosoma hernandesi
CROTAPHYTIDAE
Crotaphytus bicinctores
Gambelia wislizenii
SCINCIDAE
Eumeces skiltonianus
COLUBRIDAE
Pituophis catenifer
Masticophis taeniatus
Hypsiglena torquata
Thamnophis elegans
VIPERIDAE
Crotalus viridis
PELOBATIDAE
Spea intermontana
RANIDAE
Rana catesbeianaa
Rana pipiens
ALL TAXA

Low desert
scrub

Sagebrush
shrubland

Pinyon-juniper
wetland

Montane
woodland

riparian

Total

32.5

33.5

10.25

51.5

51

178.75

11

5

61

21
41
8
2
1

16

1

9
2
1

21
76
28

2
1

1
1

2

4

3

2

104

103
119
37
18
1
2
1

16
1

106

16

4

7

1

8

3
1
1
4

2
1
31

30
4
2
40

2

3

11
5

1
8
13

142

41

1
8
406

aIntroduced species

slope drainages of the southern Snake Range,
these pinyon-juniper woodlands are relatively
dense, dominated by P. monophylla, and confluent with riparian vegetation along watercourses. We recorded the following species
from these pinyon-juniper woodlands: Sceloporus graciosus, S. occidentalis, Uta stansburiana, Eumeces skiltonianus, Pituophis catenifer,
Masticophis taeniatus, Hypsiglena torquata,
Thamnophis elegans, and Crotalus viridis (Table
1). Although we recorded U. stansburiana from
pinyon-juniper woodland habitat, all observations occurred in the open, juniper-dominated
woodland of a single montane drainage.
Several perennial streams with well-developed riparian zones dissect the eastern slopes
of the southern Snake Range. Riparian plant
communities differ substantially between
drainages. However, most drainages are dominated by various combinations of Populus sp.,
Salix sp., Betula occidentalis, and Prunus virginiana. Abies concolor is also prominent in
higher-elevation riparian communities. We

observed Sceloporus graciosus, S. occidentalis,
Eumeces skiltonianus, Pituophis catenifer, Masticophis taeniatus, Thamnophis elegans, and
Crotalus viridis in montane riparian areas
(Table 1); however, only T. elegans appeared
concentrated in this habitat. This contrasts
with the observed trend among other snake
species, which were relatively unrestricted by
habitat. No amphibian species were detected
in montane riparian habitats.
Species richness is greatest in sagebrush
shrubland, followed by low desert scrub and
pinyon-juniper woodland. Sagebrush shrubland represents an interface between higherelevation montane woodland and low-elevation desert communities; most species encountered in the latter habitats were also
found in sagebrush shrubland. Xeric-adapted
lizard taxa typical of more southern North
American deserts, such as Cnemidophorus tigris,
Uta stansburiana, and Phrynosoma platyrhinos, were encountered more frequently in low
desert scrub than in any other habitat. Fewer
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species were clustered in montane habitats.
Eumeces skiltonianus was observed only at
higher elevations, and we encountered Sceloporus occidentalis primarily in montane habitats with only isolated observations from rock
outcrops at lower elevations in sagebrush
shrubland.
Sceloporus graciosus is sympatric with S.
occidentalis in montane habitats but also
occurs extensively in sagebrush shrubland. In
areas of sympatry, S. occidentalis was encountered only near rock outcrops and in areas
with extensive rocky terrain, while S. graciosus occupied more varied microhabitats. We
frequently observed Uta stansburiana in open,
juniper-dominated woodland habitat within a
single montane drainage; however, this species
was not encountered in the relatively dense,
pinyon-dominated woodland of other montane
drainages surveyed. Sceloporus graciosus is
sympatric with U. stansburiana within the
montane drainage occupied by U. stansburiana, but it is apparently absent from the floor
of Snake Valley, where the latter species was
frequently encountered. Morrison and Hall
(1999) also observed that U. stansburiana is
associated with open, juniper-dominated areas
within pinyon-juniper woodland at sites in the
White-Inyo Range of eastern California.
We observed notable differences between
the lizard assemblages of Snake and Spring
valleys (Table 2), despite their being separated
by <30 km. We frequently encountered Uta
stansburiana, Phrynosoma platyrhinos, and
Cnemidophorus tigris on the floor of Snake
Valley. We also observed these species at
higher elevations in sagebrush shrubland of
Snake Valley, albeit less frequently. Although
few individuals were located, we observed
Crotaphytus bicinctores and Gambelia wislizenii only in Snake Valley. In contrast to the
comparatively speciose lizard community observed in Snake Valley, only 2 lizard species
were found in Spring Valley. We observed a
single P. hernandesi from the floor of the valley
and commonly observed S. graciosus at most
sites surveyed in Spring Valley. Many taxa
seen in big sagebrush–dominated areas of
Snake Valley were not found in similar habitat
of Spring Valley (Table 2).
In contrast, Phrynosoma hernandesi was
located only in sagebrush shrubland on the
floor of the Spring Valley and was not observed in sagebrush shrubland habitats in
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Snake Valley. Unsubstantiated reports of a
Phrynosoma sp. exist from pinyon-juniper
woodland on the eastern slope of the southern
Snake Range (B. Hamilton personal communication). In addition, fossil records of Phrynosoma douglasi (likely P. hernandesi, sensu
Zamudio et al. 1997) have been found on the
eastern slope of the southern Snake Range
and from northern Snake Valley (Mead et al.
1989). These records suggest P. hernandesi
likely occurs on the eastern slope of the southern Snake Range and may also inhabit higher
elevations of Snake Valley. Pianka and Parker
(1975) noted that P. hernandesi and P. platyrhinos exhibit a complex distributional pattern at
another site in the eastern Great Basin. Interactions between these congeners may also
influence their distributions and habitat affinities in the valleys surrounding the southern
Snake Range.
Differences between Spring and Snake Valley lizard assemblages cannot be attributed
solely to disparity in elevation. All species
found in Snake Valley were observed at elevations comparable to, or higher than, the floor
of Spring Valley. This is particularly evident
with Uta stansburiana, which occurs in the
montane zone of at least one eastern slope
drainage of the southern Snake Range. There
are obvious differences in the vegetative communities of Snake and Spring valleys. The
floor of Snake Valley is largely covered by
open, low desert scrub dominated by Artemisia
arbuscula and sparsely vegetated halophytic
plant communities. Spring Valley lacks the
extensive open desert vegetation characteristic of Snake Valley. Instead, the floor of Spring
Valley includes large expanses of sagebrush
shrubland and dense, comparatively mesic
halophytic plant communities. The availability
of dense shrub cover afforded by these communities may explain the presence of Sceloporus graciosus and Phrynosoma hernandesi at
low elevations of Spring Valley.
Other dissimilarities exist between these
valleys. Hotter and dryer than Spring Valley,
Snake Valley is not bordered by a discreet,
high-elevation mountain range to the east.
Snake Valley contains rocky knolls with considerable topographical relief and is confluent
with the remainder of the Bonneville Basin.
Spring Valley is a comparatively narrow valley
bordered on both sides by high-elevation
ranges with a topographically uniform basin
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TABLE 2. Presence of reptile and amphibian taxa in the southern Snake Range and surrounding valleys based on survey data.

Person hours searched
TEIIDAE
Cnemidophorus tigris
PHRYNOSOMATIDAE
Uta stansburiana
Sceloporus graciosus
Sceloporus occidentalis
Phrynosoma platyrhinos
Phrynosoma hernandesi
CROTAPHYTIDAE
Crotaphytus bicinctores
Gambelia wislizenii
SCINCIDAE
Eumeces skiltonianus
COLUBRIDAE
Pituophis catenifer
Masticophis taeniatus
Hypsiglena torquata
Thamnophis elegans
VIPERIDAE
Crotalus viridis
PELOBATIDAE
Spea intermontana
RANIDAE
Rana catesbeianaa
Rana pipiens

Snake Valley

Spring Valley

Snake Rangeb

58.75

17.5

102.5

X

1
6
6

X
X
X
X
X

X
X
X
3
X
X
X
X

X
X

3
1
1
4

X

X

2

X

X

X
X

aIntroduced species
bValues represent the number of montane drainages (of 7 surveyed) from which each taxon was recorded.

floor, as is typical of valleys in the interior
Great Basin. Some interaction of elevation,
vegetation, temperature, and moisture likely
accounts for the apparent absence of xericadapted lizard species, such as Cnemidophorus tigris, Uta stansburiana, and Phrynosoma
platyrhinos, in Spring Valley and their presence in Snake Valley.
Many xeric-adapted taxa are widespread in
the lower-elevation Bonneville and Lahontan
basins of the eastern and western Great Basin
but are restricted in (or absent from) the interior of the Great Basin (Banta 1962, Stebbins
1985). Although data on herpetofaunal distributions in the Snake Range region remain
limited, we believe that the observed difference between lizard taxa of Snake and Spring
valleys reflects a real difference in lizard community composition. The Snake Range may
mark the eastern edge of the high-elevation,
interior Great Basin that lacks components of
the xeric-adapted herpetofauna typical of
southern North American deserts.

We thank N. Darby, B. Hamilton, J. Sirotnak,
and staff of Great Basin National Park for
invaluable expertise and assistance. We thank
T. Dahl, T. Grant, S. Newbold, C. Steele, C.
Ustach, P. Ustach, N. Welch, A. Young, and K.
Young for field assistance. We also thank C.
Garrard for map assistance. The Southern
Nevada Chapter of Trout Unlimited provided
funding. We thank the Brodie/Mendelson lab
group and 2 anonymous reviewers for comments on earlier versions of this manuscript.
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MOVEMENTS OF A BULLSNAKE (PITUOPHIS CATENIFER)
FOLLOWING PREDATION OF A RADIO-COLLARED
NORTHERN POCKET GOPHER (THOMOMYS TALPOIDES)
Ray T. Sterner1, Brett E. Petersen, Stephen A. Shumake, Stanley E. Gaddis,
Jean B. Bourassa, Todd A. Felix, Geraldine R. McCann,
Kenneth A. Crane, and Abbe D. Ames
Key words: pocket gopher, open-hole index, bullsnake, predation, radio-tracking.

Life history and foraging data for the bullsnake (Pituophis catenifer) include home range
of 1–2 ha, density of <1 ⋅ ha–1, unimodal activity peak between April and September in most
temperate climes, and estimated longevity of
∼16 years (Gibbons and Semlitsch 1987, Parker
and Plummer 1987, Hammerson 1999). Extensive food habits data for the bullsnake show
that diverse species of rodents and lizards
comprise the bulk of the diet (Hisaw and
Gloyd 1926, Brown and Parker 1982,
Reynolds and Scott 1982, Mushinsky 1987,
Hammerson 1999), but observations of actual
predation events and of subsequent movements
of these predators in the field are rare.
Carpenter (1982) reported on the stereotyped, soil-excavation behaviors of the bullsnake (P. m. sayi), a behavior initially described
by Hisaw and Gloyd (1926). These authors
inferred that bullsnakes dig to open and
search burrows for pocket gophers and to prepare cavities for nesting. In laboratory trials
(Carpenter 1982), 7 of 8 bullsnakes were observed using their snouts to penetrate soil and
head-neck flexures to move scooped soil posterior from the dig sites. These trials revealed
that an excavating bullsnake can move up to
3400 cm3 of soil per hour. Moreover, soil obtained from actual pocket gopher mounds and
placed in test cages induced excavation behaviors in 11 snakes during 60% of trials; this
compared to bullsnake digging activity during
only 7.5% of trials in control soil.
We report here on the likely predation of a
radio-collared northern pocket gopher (Thomomys talpoides) and subsequent movements

of a bullsnake that we believe ingested the
gopher. These serendipitous observations
were obtained during a field study to evaluate
the use of chemical irritants in soil to expel
gophers from burrows.
The site is located in a 64.75-ha field
(40°45′20″N and 105°02′30″W) near Wellington, Colorado; at the time of the study the
field had a 5+-year-old stand of alfalfa (Medicago sativa L) and mixed grasses with centerpivot irrigation. The soil is characterized as a
sandy loam texture (62% sand, 26% silt, and
12% clay), with 7.9 pH and 2.5% organic matter (Agvise® Laboratories, Northwood, ND).
Numerous mounds (∼1 mound or plug per 5–8
m2) of northern pocket gophers were present
in the field.
The gopher (, 146 g) was live-trapped
(CO License 99-TR621A2) on 18 August 1999.
Within 6 hours of capture (trap last checked at
∼0900 hours MDT, capture detected at 1320
hours MDT, and release at capture site accomplished at 1440 hours MDT), the gopher was
anesthetized using a 2- to 3-minute inhalation
exposure to Metofane® (Mallinckrodt Veterinary, Inc., Mundelein, IL) in a large glass jar.
A 2.45-g radio-transmitter (Holohil Systems,
Ontario, Canada) containing a 1.5 × 1.0 × 0.7cm battery pack (40–50 day projected life)
with a wire whip antenna (∼10 cm) was affixed
snugly around the gopher’s neck using shrinktubing–covered wire, leader sleeves, and Duro
Super Glue® (Loctite Corp., Newington, CT).
We visually located the ground-surface
location nearest the transmitter using a handheld, 3-element Yagi antenna and a portable

1Address of all authors: U.S. Department of Agriculture, Animal and Plant Health Inspection Service, National Wildlife Research Center, 4101 LaPorte
Avenue, Fort Collins, CO 80521-2154.
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Fig. 1. Schematic showing GPS transmitter locations between 18 and 26 August 1999.

radio receiver (Advanced Telemetry Systems,
Inc., Isanti, MN). Typically, we obtained these
locations during 4 daily tracking sessions: 0801–
1000, 1201–1400, 1601–1800, and 1901–2000
hours MDT. Geographic locations were marked
and determined using a Global Positioning
System (GPS) receiver (GeoExplorer®, Trimble Navigation, Sunnyvale, CA). Data were
differentially corrected via Pathfinder® software (Pathfinder®, Trimble Navigation, Sunnyvale, CA) and imported into ArcView GIS software (ESRI, Redlands, CA). To estimate accuracy, we always collected GPS data for a predetermined reference location prior to each
series of transmitter locations; estimates of the
reported ground-surface locations were within
2 m of true.
Between 18 and 26 August 1999, the transmitter was located 29 times (Fig. 1). The first
14 locations (3.5 days) were typical of northern

pocket gopher movements (≤20 m from the
point of capture for the gopher). However, late
on 21 August 1999, the transmitter could not
be detected during routine tracking. A more
extensive search of the area the next morning
yielded detection ∼63 m northeast of the original gopher capture/release site. The transmitter remained within 2 m of this location during the subsequent 2 days (8 locations), before
returning to near the last 21 August location
(∼16 m north of the capture/release site) for
<8 hours. Subsequently, the transmitter was
located ∼60 m northwest of the capture site
and remained there for about 12 hours (25
August). Finally, on the morning of 26 August
(∼1000 hours MDT), the transmitter signal
was detected moving in a westerly direction
on or adjacent to a field road along the northern edge of the alfalfa field. The source of the
signal was sighted—a 90- to 110-cm-long bull-
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snake. The snake then entered a livestock pasture to the north and later disappeared into a
small rodent hole ∼20 m north of the fence
line or 145 m west-northwest of the capture/
release site (see Fig. 1). This was the final
detection of the transmitter’s signal.
Based on our observations, it is apparent
that the gopher and transmitter were ingested
by the bullsnake on, or about, the afternoon of
21 August. We have rarely, if ever, recorded
movements of a northern pocket gopher >45
m from the point of capture/release. Thirteen
other radio-collared northern pocket gophers
tracked in this same vicinity had a maximum
movement distance (from the point of capture/release) of 45 m. Additionally, the subsequent lack of movement for ∼72 hours is consistent with hypothesized restive/digestive
activities of the bullsnake post-predation; but,
counter to Hammerson (1999), this snake did
not “sun-the-stomach” to aid digestion. We
believe that the snake remained stationary and
belowground from at least 21 to 24 August.
Considering that an adult bullsnake is active
for about 5.5 months per year in Colorado,
weighs ∼1.0–1.5 kg, and ingests ∼1.0–2.0 kg of
prey per year (see Hisaw and Gloyd 1926,
Mushinsky 1987), this predation event was
likely 1 of <20 feedings for the snake during
1999 (i.e., assuming 80–150 g rodents/lizards/
birds). Whether it survived the ingestion of
the hardware is unknown.
We thank James Anderson for his cooperation. Thomas Mathies and Kathy Fagerstone
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provided helpful reviews of the draft manuscript.
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GASTROINTESTINAL HELMINTHS OF THE BLACKNECK GARTER SNAKE,
THAMNOPHIS CYRTOPSIS (COLUBRIDAE)
Stephen R. Goldberg1 and Charles R. Bursey2
Key words: Thamnophis cyrtopsis, Colubridae, helminths, Arizona.

The blackneck garter snake, Thamnophis
cyrtopsis, occurs from southeastern Utah
through central New Mexico, central and
southern Arizona, and central Texas to Guatemala (Rossman et al. 1996) at elevations from
sea level to around 2700 m (Stebbins 1985).
Three subspecies are recognized, T. c. cyrtopsis, T. c. collaris, and T. c. ocellatus; however,
intergrades between T. c. cyrtopsis and T. c.
ocellatus have been reported (Rossman et al.
1996). Our sample consisted of the subspecies
T. c. cyrtopsis. There are, to our knowledge,
no reports of helminths from this species. The
purpose of this paper is to report host records
for helminth parasites of T. c. cyrtopsis for the
first time.
Twenty-three T. c. cyrtopsis (mean snoutvent length [SVL] = 490 mm ± 69 s, range =
366–653 mm) were borrowed from the herpetology collection of the University of Arizona, Tucson (UAZ): COCHISE COUNTY 42342,
42478, 44290; GREENLEE COUNTY 42711,
42712; PIMA COUNTY 26523, 26528, 26531,
26542, 26552, 26556, 26558, 26559, 26562,
26564, 26567, 26569, 26570, 42713, 44976,
47141; SANTA CRUZ COUNTY 26561, 26565.
The snakes were initially fixed in 10% formalin, washed in water, and stored in 70% isopropanol. The body cavity was opened ventrally and the gastrointestinal tract removed
by cutting across the anterior end of the
esophagus and the posterior end of the large
intestine. The gastrointestinal tract was then
opened longitudinally and searched for helminths using a dissecting microscope. The
body cavity and liver were also examined for
helminths. Nematodes were cleared individually in a drop of concentrated glycerol on a
glass slide and identified from these wet

mounts. Selected trematodes were rehydrated
in water, regressively stained in hematoxylin,
dehydrated in ethanol, cleared in xylene, and
mounted in Canada balsam on glass slides.
Two species of trematodes, Ochetosoma
ellipticum (Pratt, 1903) and Alaria sp. (mesocercariae only), and 3 species of nematodes,
Ophidascaris labiatopapillosa Walton, 1927,
Abbreviata terrapenis (Hill, 1941), and Physaloptera sp. (larvae only), were found. Infection
sites, total number of helminths, prevalence
(number of infected snakes divided by sample
examined), mean intensity ± 1 s (number of
helminths divided by number of infected
snakes), and range are given in Table 1. Voucher
helminths were deposited in the United States
National Parasite Collection (USNPC), Beltsville, Maryland: Ochetosoma ellipticum (90611),
Alaria sp. (mesocercariae) (90612), Ophidascaris
labiatopapillosa (90614), Abbreviata terrapenis
(90613), Physaloptera sp. (larvae) (90615).
Ochetosoma ellipticum was originally described by Pratt (1903) from specimens found
in the mouth of an eastern hognose snake,
Heterodon platirhinos (locality of collection
not given), as Renifer ellipticus which was reassigned to its current taxonomic position by
Yamaguti (1958). It has been reported from
other colubrid snakes of Central and North
America (Yamaguti 1958). The life cycle of O.
ellipticum has not been studied. However,
Sogandares-Bernal and Grenier (1971) studied
the life cycles of O. kansensis and O. laterotrema and found metacercariae encysted in
tadpoles of the leopard frog, Rana pipiens.
Adult trematodes were recovered from the
mouths of young cottonmouth snakes, Agkistrodon piscivorus. Because T. cyrtopsis feeds
mainly on tadpoles and adult anurans in

1Department of Biology, Whittier College, Whittier, CA 90608.
2Department of Biology, Pennsylvania State University, Shenango Campus, Sharon, PA 16146.
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TABLE 1. Infection site, total numbers of helminths, prevalence, mean intensity ± 1 s, and range for gastrointestinal
helminths from 23 Thamnophis cyrtopsis cyrtopsis from Arizona.
Helminth
TREMATODA
Ochetosoma ellipticum
Alaria sp. (mesocercariae)
NEMATODA
Abbreviata terrapenis
Ophidascaris labiatopapillosa
Physaloptera sp. (larvae)

Infection
site

Total
number

Prevalence
(%)

Mean
intensity ± 1 s

Range

Esophagus
Esophagus

67
19

30
4

9.6 ± 11.1
19.0

1–32
—

Esophagus
Stomach, small intestine
Stomach, small intestine

2
11
15

9
13
17

1.0
3.7 ± 3.8
3.8 ± 3.1

—
1–8
1–8

aquatic habitats (Rossman et al. 1996), it likely
acquires O. ellipticum by eating tadpoles
infected with metacercariae. Thamnophis cyrtopsis is a new host record for O. ellipticum.
Likewise, mesocercariae of Alaria sp. develop in the muscles of ranid and bufonid tadpoles (Schell 1985). Garter snakes serve as
paratenic (transport) hosts (Schell 1985). This
is the first report of mesocercariae of Alaria
sp. from T. cyrtopsis.
Abbreviata terrapenis was originally described from the ornate box turtle, Terrapene
ornata, from Oklahoma (Hill 1945) and is the
only species of its genus known from North
America (Baker 1987). Abbreviata ranae, a larval form (considered a species inquirenda by
Baker 1987), was described by Walton (1931)
from cysts in the stomach and intestine of a
bullfrog, Rana catesbeiana. However, the adult
form of A. ranae has not been described. Larval Abbreviata in cysts have been reported by
numerous authors (see Baker 1987) from North
American frogs, which are considered paratenic hosts by McAllister and Freed (1992).
Whether A. ranae is the larval form of A. terrapenis is yet to be resolved. We could find no
morphological differences between our specimens and the description by Hill (1945), nor
were differences found between our specimens and specimens of A. terrapenis accessioned in the United States Parasite Collection
(USNPC 83537, 85038). This is the first report
of A. terrapenis from a snake; T. cyrtopsis is a
new host record.
Ophidascaris labiatopapillosa was first described from an eastern racer, Coluber constrictor, collected in Florida by Walton (1927)
and is the only member of its genus known to
occur in the United States (Baker 1987). It has
been reported from 6 species of colubrids (but
not Thamnophis) and 1 species of viperid

snake (see Goldberg and Bursey 1999). Walton
(1937) found larvae of O. labiatopapillosa
encysted in the stomach wall, mesentery, and
muscles of the amphibians Amphiuma tridactylum, Rana capito aesopus (= Rana aesopus),
R. catesbeiana, and R. sphenocephala. Thamnophis cyrtopsis may become infected with
both A. terrapenis and O. labiatopapillosa by
eating infected frogs. Thamnophis cyrtopsis is
a new host record for O. labiatopapillosa.
Third stage larvae of Physaloptera sp. were
found in the stomach and intestines of 4 T.
cyrtopsis (Table 1). The majority of the 16
species of Physaloptera from North America
listed by Morgan (1941) are mammalian parasites. All species of Physaloptera require an
insect intermediate host (Anderson 2000), and
larvae of Physaloptera sp. could be expected
in any insectivore. Amphibians and reptiles
harboring larvae of Physaloptera sp. but not
adults are summarized in Goldberg et al.
(1993). Because most of these larvae were
found in the intestinal lumen of the snakes
examined, we believe they are a byproduct of
diet and will be passed in feces. Thus, they are
not parasites of these snakes. This is the first
report of physalopteran larvae in T. cyrtopsis.
In view of the extensive geographic distribution of T. cyrtopsis (Rossman et al. 1996),
subsequent examination of different populations will be needed before the helminth
diversity of this snake is known.
We thank Charles H. Lowe (University of
Arizona) for permission to examine T. cyrtopsis.
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COMPARISON OF NITROGEN ISOTOPE RATIOS IN FEATHERS FROM
SEVEN SPECIES OF COLORADO BREEDING BIRDS
Sujay S. Kaushal1,2 and John J. Walsh2
Key words: birds, trophic level, isotopes, granivores.

The natural abundance of nitrogen isotopes
in biomass has been useful in demonstrating
trophic relationships of organisms in aquatic
food webs (Hamilton and Lewis 1992, Hamilton et al. 1992). The technique is capable of
establishing trophic positions of organisms
that can feed on a variety of food sources and
whose feeding behavior cannot be observed
easily. The stable isotope technique is based
on increase in the 15N content of biomass with
each trophic transfer. The 15N content of a
sample is often expressed as standard δ notation (parts per thousand deviation in the ratio
of 15N and 14N in a sample from the ratio of
15N and 14N in air; Peterson and Fry 1987). It
is usually assumed that there is a 2.6–3.4 part
per mil increase in 15N content between successive trophic levels (DeNiro and Epstein
1981, Minagawa and Wada 1984, Owens 1987)
and that trophic fractionation can range as
high as 5 parts per mil (Michener and Schell
1994). The exact value for isotopic fractionation associated with an increase in trophic
level may vary according to an animal’s age,
body size, metabolic rate, and the amount of
protein in the animal’s diet (McCutchan 1999).
Avian ecologists have used stable isotopes
to evaluate trophic relationships in songbirds
(Hobson 1999) and seabirds (Hobson and
Montevecchi 1991, Thompson et al. 1999).
However, isotope data on songbirds are relatively lacking compared to other taxa (Kelly
2000). Results from these studies and other
studies look promising, although the potential
of stable isotopes has not yet been explored
fully. Isotopic composition values for primary
consumers (such as granivores) are particularly scarce in the literature.

We conducted a preliminary study to investigate whether there is a relationship between
trophic level and nitrogen isotopes in feathers
from breeding birds of Colorado. We classified
birds into 3 broad feeding groups: granivores
(birds primarily eating seeds), insectivores
(birds primarily eating insects), and raptors
(birds eating primarily small mammals and
birds). We used this approach because the
actual trophic level of birds is very difficult to
determine. Feeding classifications for selected
species in this study were obtained from
Kingery (1998). We hypothesized that the
mean δ15N of feathers from granivores would
be significantly lower than those for insectivores and raptors (which represented birds in
higher trophic levels).
Tail feathers of adult specimens were obtained from the museum at the University of
Colorado, Boulder. In addition, tail feathers
were also collected from a nestling that lived
in a ponderosa pine (Pinus ponderosa) forest
located in Boulder County, Colorado. Collection
locations for museum specimens extended
throughout Colorado, but most specimens
were from Boulder County. In our study we
assumed that the tail feathers were grown on
the breeding grounds in Colorado and that the
isotopic ratios in the feathers reflected the diet
at the time the feathers were grown. Feathers
were freeze-dried and stored until analysis in
a desiccator. Samples were placed in tin cups
and combusted in a Fisons elemental analyzer
interfaced with a Finnigan dual inlet mass
spectrometer. For a more detailed description
of methodology, see Hamilton and Lewis (1992).
The standard error of the mean for 3 replicates was <0.4 parts per mil. Both EDTA and
glycine were used as standards.

1Center for Limnology, Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, CO 80309-0216.
2Department of Environmental, Population and Organismic Biology, University of Colorado, Boulder, CO 80309-0216.
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Table 1. Nitrogen isotope ratios of bird feathers sampled from museum and field specimens obtained in Colorado.
Locations given are counties in Colorado.
Species
Dark-eyed Junco ( Junco hymalis caniceps)
Lesser Goldfinch (Carduelis psaltria)
Plumbeous Vireo (Vireo plumbeus)
Virginia’s Warbler (Vermivora virginiae)
Western Wood-pewee (Contopus sordidulus)
Sharp-shinned Hawk (Accipiter striatus)
Great-horned Owl (Bubo virginianus)

δ15N

Feeding group

Type

Location

6.4
5.7
6.3
4.7
4.6
6.3
5.8
6.1
5.2
6.1
6.3
9.4
7.6
7.2
7.6
7.3
6.9
6.9
8.1

Granivore

Museum
Museum
Museum
Museum
Museum
Museum
Museum
Museum
Museum
Museum
Museum
Museum
Field
Museum
Museum
Museum
Museum
Museum
Museum

Boulder
Boulder
Boulder
Montrose
El Paso
Douglas
Rio Blanco
Rio Blanco
El Paso
El Paso
El Paso
El Paso
Boulder
Boulder
Boulder
Boulder
Boulder
Boulder
Mineral

Table 1 summarizes our results. As hypothesized, feathers from granivores had a lower
mean δ15N (5.5; sx– 0.4) than feathers from
feeding groups that represented higher
trophic levels. A 1-tailed t test indicated that
the mean δ15N of feathers from insectivores
(6.6; sx– 0.5) was significantly higher than from
granivores (P = 0.05). In addition, a 1-tailed
t test showed that the mean δ15N of feathers
taken from raptors (7.3; sx– 0.7) was significantly higher than the mean δ15N of feathers from
granivores (P = 0.01).
Results from this study support a growing
body of literature showing that the use of 15N
natural abundance in feathers has the potential to discriminate among different trophic
levels in birds. A possible source of error in
our study could have been the different locations of our specimens and the assumption
that feathers were grown on the breeding
grounds. Previous work has shown that isotope signatures can be affected by local landscape attributes (Hobson 1999, Vander Zanden 1999). To make trophic comparisons at a
finer resolution, the location of feather growth
should be considered. Nonetheless, our preliminary work shows that nitrogen isotopes
may be an important tool for investigating differences in the reliance of western songbirds
on various food sources.
Funding was provided by grants from the
Department of Environmental, Population

Granivore
Insectivore
Insectivore
Insectivore
Raptor
Raptor

and Organismic Biology and the Graduate
School at the University of Colorado. Rosanne
Humphrey provided access to specimens from
the CU museum. Dr. W.M. Lewis, Jr., provided
suggestions that improved this manuscript.
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OSPREY DIET ALONG THE EASTERN SIDE OF THE
GULF OF CALIFORNIA, MEXICO
Jean-Luc E. Cartron1,2 and Manuel C. Molles, Jr.1
Key words: Osprey, Pandion haliaetus, Gulf of California, diet, Mugil cephalus, Tylosurus crocodilus.

A large resident population of Ospreys (Pandion haliaetus) has been documented in the
Gulf of California and Baja California region
of Mexico (Henny and Anderson 1979, Reitherman and Storrer 1981, 1982, Judge 1983,
Danemann and Guzmán Poo 1992, Castellanos and Ortega-Rubio 1995, Cartron 2000).
However, Osprey diet in this region has been
reported only for the Bahia de Los Angeles
Islands ( Judge 1981). To date, no published
information on diet exists for Ospreys nesting
along the coast of Sonora on the eastern side
of the Gulf of California. The Bahia de Los
Angeles Islands are small, rocky islands, whereas the coast of Sonora is characterized by
extensive sandy beaches, shallow bays, and
estuaries (Molles 1978, Alvarez-Borrego 1983,
Alvarez-Borrego and Lara-Lara 1991, Thomson
et al. 2000). Because the Osprey is an opportunistic rather than selective fish-eating species
(Poole 1989), its prey base is likely to differ
between these 2 geographic areas.
In 1995 and 1996 we studied the diet of 39
and 40 Osprey pairs, respectively, nesting along
the eastern side of the Gulf of California. Our
study focused on 3 locations: Bahia Sargento,
Mancha Blanca, and El Desemboque (Fig. 1).
Each location provided distinctive foraging
environments and therefore potentially different prey bases for Ospreys. Bahia Sargento (n
= 22 occupied Osprey nests, 1995; n = 23,
1996) is a wide, shallow bay dotted with scattered rocky patch reefs. Except toward its
northern end, it is bordered by extensive
beaches of fine sand. Along the south-facing
side of the bay, a large negative estuary lined
by mangrove encroaches upon the land. To the
north of Bahia Sargento, Mancha Blanca (n =
7, 1995 and 1996) is characterized by a steeply

sloping pebble beach near the rocky headland,
Punta Tepopa. At the northern end of our
study area, the 4-km stretch of coast north of
El Desemboque (n = 10, 1995 and 1996) is
located just south of the mouth of the intermittent Rio San Ignacio.
The breeding season of Ospreys in the Gulf
of California is characterized by a high degree
of asynchrony among pairs ( Judge 1983,
Cartron 2000). The onset of egg laying typically ranges from early January to early
March, with fledging occurring from April to
early June (Judge 1983). In 1995 prey remains
were collected twice, mid-March and late
May; in 1996 they were collected monthly
from January through May.
We collected prey remains under nests and
at the base of cardon (Pachycereus pringelei)
cacti used by Ospreys for feeding. Nest disturbance was minimal (see Cartron 2000). A large
number of collected prey items were sufficiently intact for easy identification using
Thomson and McKibbin’s (1976) guide to Gulf
of California fish; they were subsequently
used as references to identify other remains.
Some prey species were tallied using specific
bones (e.g., jaw bones for Tylosurus crocodilus
or Calamus brachysomus, opercula for Mugil
cephalus). Other prey species (e.g., Balistes
polylepis), which were found in the form of
(nearly) complete skeletons with attached skin,
were simply counted. Scavenging of some prey
remains by coyotes (Canis latrans) occurred in
the study area but appeared to be fairly consistent through time.
During the study period we recorded 1385
prey at the 3 sites; these prey represented at
least 19 species from 18 families (Table 1). At
all 3 locations bullseye puffers (Sphoeroides

1Biology Department, University of New Mexico, Albuquerque, NM 87131.
2Corresponding author.
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Fig. 1. Location of the study area on the eastern side of the Gulf of California. The 3 study sites (Bahia Sargento, Mancha
Blanca, and El Desemboque) and all Osprey occupied nests are marked.

annulatus) were occasionally found on the
ground next to Osprey prey remains, but these
poisonous fish never appeared to have been
consumed. Based on prey remains, the fish
species most frequently consumed by Ospreys
at El Desemboque appeared to be Mexican
needlefish (Tylosurus crocodilus), followed respectively by striped mullet (Mugil cephalus),
finescale triggerfish (Balistes polylepis), and
Pacific porgy (Calamus brachysomus; Table 1).
In 1995 and 1996 these species represented
83–87% of prey remains at that location. At
the other 2 sites striped mullet followed by

needlefish seemingly represented the bulk of
the Osprey diet, with Pacific porgy and
finescale triggerfish amounting to ≤5% of the
diet (Table 1).
There was no significant (χ2 = 5.23, df = 3,
P > 0.05) difference between 1995 and 1996
in the proportion of the 4 main species (Mexican needlefish, striped mullet, finescale triggerfish, and Pacific porgy) recorded among
prey remains at El Desemboque. Similarly, no
significant (χ2 = 0.18, df = 1, P > 0.05) difference was noted in the proportion of the 2
main fish species (striped mullet and Mexican
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TABLE 1. Number (%) of Osprey prey found at the 3 study sites during the 1995 and 1996 nesting seasons.
Bahia Sargento
___________________

Common family
Family
Rhinobatidae
Clupeidae
Ariidae
Synodontidae
Belonidae
Fistularidae
Scorpaenidae
Triglidae
Serranidae

Carangidae
Haemulidae
Sparidae
Kyphosidae
Mugilidae
Labridae
Scombridae

name
Guitarfishes
Herrings
Sea catfishes
Lizardfishes
Needlefishes
Cornetfishes
Rockfishes
Searobins
Sea basses

Jacks
Grunts
Porgies
Seachubs
Mullets
Wrasses
Mackerels and
tunas
Pleuronectidae Righteye flounders
Balistidae
Triggerfishes
Unidentified
TOTAL

Species name
Rhinobatos productus
Unidentified
Bagre panamensis
Synodus scituliceps
Tylosurus crocodilus
Fistularia commersonii
Scorpaena mystes
Prionotus ruscarius
Paralabrax
maculofasciatus
Unidentifieda
Seriola lalandi
Unidentified
Calamus brachysomus
Girella simplicidens
Mugil cephalus
Unidentified
Scomberomorus sierra
Unidentified
Balistes polylepis

Mancha Blanca
__________________

El Desemboque
__________________

1995

1996

1995

1996

1995

1996

0
0
1
0
78 (28)
0
0
0

0
0
0
0
85 (28)
0
0
0

1 (1)
1 (1)
0
0
20 (22)
0
0
0

0
0
0
0
45 (39)
0
0
0

1
0
3 (3)
1
45 (39)
0
4 (3)
0

0
0
0
0
183 (38)
1
0
1

1
0
0
0
10 (4)
1
177 (63)
0

0
1
0
0
7 (2)
0
209 (69)
0

0
0
1 (1)
1 (1)
0
0
60 (66)
0

0
3 (3)
0
0
2 (2)
0
63 (55)
0

0
6 (5)
0
0
7 (6)
0
33 (29)
0

0
39
1
0
50
0
110
6

4 (1)
0
2
5
279 (100)

0
0
3
2
307 (100)

0
0
5 (5)
2 (1)
91 (100)

0
0
2 (2)
0
115 (100)

2 (2)
1
11 (10)
1
115 (100)

(8)

(10)
(23)
(1)

3
0
73 (15)
11 (2)
478 (100)

aIncludes at least one other serranid species besides Paralabrax maculofasciatus.

needlefish) among prey remains at Bahia Sargento. At Mancha Blanca there was a significant (χ2 = 5.64, df = 1, P ≤ 0.05) difference in
the proportion of striped mullet and Mexican
needlefish between 1995 and 1996. Yet, this
pattern may have been the result of missing
data for the month of February at that location
(prey remains were collected that month but
were lost before they were analyzed). Minor
differences between 1995 and 1996 were noted
at El Desemboque: stone scorpionfish (Scorpaena mystes) and chihuil (Bagre panamensis),
which seemingly represented 6% of the prey
base of Ospreys at that location in 1995, were
not found among prey remains in 1996.
Differences in diet among pairs were not
analyzed due to small sample size for nests
along Bahia Sargento or at Mancha Blanca. At
El Desemboque the high density of nests typically prevented us from identifying with certainty the pair that had fed on a fish whose
remains we found. One exception was a pair at
the northern end of the study site. Between
mid-March and mid-April 1996, Pacific porgy
seemingly comprised 29% of its diet. During
that same period the diet of all other pairs at
El Desemboque appeared to consist of <5%

porgy. Overall, however, mullet or needlefish
was always the primary prey species at any
time in any collection of prey remains.
In 1995 and 1996 the proportion of needlefish and mullet in the diet of Ospreys appeared
to vary through time. In 1995 the relative proportion of these 2 prey species was significantly different between the 1st (March) and
2nd (May) samples we collected at El Desemboque (χ2 = 4.8, df = 1, P ≤ 0.05), Mancha
Blanca (χ2 = 14.29, df = 1, P ≤ 0.05), and
Bahia Sargento (χ2 = 12.88, df = 1, P ≤ 0.05).
In 1996 the relative decrease in striped mullet
and increase in Mexican needlefish was apparent as early as February and continued through
April (Fig. 2).
Our results suggest that the diet of Ospreys
along the eastern side of the Gulf of California
is substantially different from that of Ospreys
on islands of the Gulf. Ospreys nesting on
islands in Bahia de Los Angeles rely most consistently on Gulf opaleye (Girella simplicidens)
and sand basses and sea basses (Paralabrax
and Epinephalis spp.; Judge 1981). In contrast,
the diet of Ospreys in our study area appeared
to include chiefly striped mullet and Mexican
needlefish. Locally, species such as the Pacific
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Fig. 2. Monthly variation in the proportion of Mexican
needlefish vs. striped mullet in the diet of Ospreys at all
3 sites combined, January–May 1996. Sample size is only
2 (Bahia Sargento and El Desemboque) in February.
Although declines in mullet relative to needlefish are
observed at Bahia Sargento, Mancha Blanca, and El
Desemboque, their timing or magnitude varies somewhat
among these locations.

porgy or the finescale triggerfish became additional important prey species.
We thank A. Thomas and R. Nugent for
providing assistance in the field. Reviews and
suggestions from C. Monson and H. Schaadt
helped to improve an earlier draft of this
paper.
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MULE DEER GROUP KILLS COYOTE
Jack A. Wilkinson1 and John F. Douglass2
Key words: Canis latrans, Odocoileus hemionus, mobbing behavior, predator attacked by prey.

Coyotes (Canis latrans) are known to be
predators of both young and adult mule deer
(Odocoileus hemionus; Cahalane 1947, Bekoff
1977, Bowyer 1987). Aggressive defense against
coyotes by adult female mule deer, involving
chasing and vigorous kicking with the forelegs, has been observed in does acting both
singly and in groups (Cahalane 1947, Seidensticker et al. 1973, MacConnell-Yount and
Smith 1978, Hamlin and Schweitzer 1979,
Truett 1979, Wenger 1981, Bowyer 1987, Griffith 1988). The observation reported here
appears to be the first instance in which a
coyote is known to have been killed by such
an attack.
At 0800 hours MST on 28 October 1996,
the senior author was watching a group of
about 50 mule deer feeding in a 60-acre alfalfa
field near the South Fork of the Shoshone
River, 18 miles SW of Cody, Park County,
Wyoming. A large doe (number 1) was seen
chasing a single coyote relentlessly around the
field. As the doe tired, other does and fawns
joined the chase; following her periods of rest,
number 1 would join the chase again. After
10–15 minutes of this activity, the coyote
apparently tired while being pursued by number 1, and the doe was observed to strike the
coyote with a front hoof. Within seconds, 7 or
8 does surrounded the coyote, rearing up and
striking it with their front hooves. Other deer
in the field stood watching this attack. Fifteen
minutes later, as the deer began to move off,
the senior author approached and examined the
dead coyote. It appeared to be a yearling; the
body was badly broken by hooves and had been
trampled into the ground.
The behavioral context of this attack is not
fully known, but the following observations
seem worthy of note. A group of coyotes

frequented the hills east of the alfalfa field in
the fall of 1996: they were observed feeding
on small rodents in the open, and on several
occasions groups of mule deer were seen chasing the coyotes away when the latter ventured
too close. On the morning of 28 October 1996
the coyotes were heard howling more than
usual; it is possible that a deer kill had been
made that morning. Immediately following the
death of the young coyote described above, 1/4
mile away, a group of 3 coyotes (2 adults and 1
yearling) was seen in the alfalfa field adjoining
a gully frequented by deer at night.
We thank Darrylyn Douglass Garrett and
Dr. Marc Bekoff for their help with this paper.
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BOOK REVIEW
Bird Hand Book. Photos by Victor Schrager,
text by A.S. Byatt. Graphis Inc., New
York, New York. 2001. $60.00, hardcover;
128 pages, 80 quadtone photographs.
ISBN 1-93124-104-X.
It is difficult to become overly excited about
this book. The title, as I see it, is a play on
words, inasmuch as the book features photographs of birds being held in hands that are
themselves protruding from holes in sheets
which serve as backdrops. The publishers
describe this somewhat differently: “[B]irds
are seen in a totally new way; the presence of
a human hand, acting as a delicate pedestal,
provides the reader with a sense of scale for
the relationship between birds and humans,
scale not present in any bird field guide.”
The actual photographed birds are usually
in some contorted position, and, even after
careful searching, I could not find the delicate
pedestal mentioned. Some are injured captive
birds, some have broken feathers, one lacks a
tail, and one is a mounted passenger pigeon
lying on its side. Most birds are restrained in
some fashion; for example, a Brown Pelican
with a distorted beak is being restrained by an
arm coming out from behind the sheet. A
Gouldian Finch, with only the head seen clearly
between thumb and forefinger, is called a
Zebra Finch. Twelve photos are of domestic
poultry. I think these comments give the flavor.
If one enjoys good photography with birds
as the subject, then this is not the book to purchase. But, if one appreciates a unique photography style—perhaps I could call it “new
age”—then the book may have a bit more
appeal. Such a book lying on a coffee table

might become a conversation piece for the
curious visitor.
To be sure, however, if one enjoys historical
prose and poetry, some relating to birds, then
the book may yet take on more interest. Byatt’s
essays are a literary romp through 5000 years
of bird writings. As examples, the text quotes
passages from an 1850 discussion by George
Eliot about how things are named, gives a sonnet by Robert Frost about a bird’s voice, discusses the relationships between birds and
people during mediaeval times, explores some
of the early social functions of birds to such
well-known Christians as St. Francis, repeats
the poetry of Death of Cock Robin opposite
a picture of an American Robin, and describes
material from the journal of John James
Audubon.
Some biology is featured. A discussion of
anatomical structures of the skeleton, information on the structure of feathers, and so forth,
are opposite the photo of what is termed a
hybrid pigeon. Fortified by quotes from
Rachel Carson’s Silent Spring, the author enumerates problems generated by agricultural
chemicals.
The book has a sturdy binding and is well
put together. However, with the cost of books
in general and the choices of excellent reference, historical, and prose/poetry books on
birds, I find this book too pricey for what one
gets. Perhaps it is a book for the public library,
but I cannot recommend it.
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BOOK REVIEW
The World of the Hummingbird by Robert
Burton. Firefly Books (U.S.) Inc., Buffalo,
New York. 2001. $40.00, hardback; 158
pages, 151 color photographs. ISBN
1-55209-607-6.
The World of the Hummingbird is a large,
9 × 11 inches, coffee table sort of book that in
addition to beautiful photographs also affords
great insights into the private lives of hummingbirds. It is printed on glossy, 100-lb., acid-free
paper. The author has accumulated color plates
from scores of internationally renowned wildlife photographers, some of the finest hummingbird photographs available in book form. No
fewer than 88+ hummingbird species are
shown, along with photographs of habitat and
other critters that do much the same as hummingbirds, i.e., bats, Old World sunbirds, and
insects.
Robert Burton has written several other
books dealing with bird behavior, bird flight,
and bird migration. In this book he deals with
some interesting and complex topics relative
to hummingbirds that make delightful reading
for the scientist and lay person alike. He has
divided the book into 7 chapters in which he
introduces hummingbirds and then discusses
their flight, their relationships with plants and
humans, nesting behavior, migration, myths
and legends about them, trade and commercial use of hummingbird feathers, and lastly
current threats to their habitats, the latter of
great concern to conservation biology.
Some photographs particularly caught my
eye. First was a dorsal view sequence, by
Stephen Dalton, of 7 figures of the same hummingbird showing flight and illustrating how
the wings make the more-or-less figure of 8
pattern; a newly hatched Black-chinned Hum-

mingbird in a nest with a second egg about to
hatch, photo by Sid and Shirley Rucker; a
hummingbird drinking tree sap, photo by Jack
Wilburn; a White-bearded Hermit showing
the great extent of the tongue, photo by Luisa
Mazariegos; and a Magenta-throated Woodstar
showing digested nectar passing out the cloaca
as the bird feeds on a blossom, photo by
Michael and Patricia Fogden.
I was fascinated by the chapter on human
interactions with hummingbirds. The earlier
Peruvian cultures of 1500 years ago apparently
had a particular interest in them. A 300-foot
symbol on the ground of a hummingbird was
made by the Nazca of the Peruvian plateau.
The Nazca also made wood carvings of them. I
learned that the Taino people of the Caribbean,
at the time of Columbus’s first encounter, called
their warriors colibri; they were impressed
with how hummingbirds fought to protect their
territories. That term now forms a hummingbird
genus name.
Because hummingbirds are so speciose,
many have small ranges often where unique
habitats occur. Today, with the loss of habitats,
the Hook-billed Hermit may consist of fewer
than 250 individuals in a 40-square-mile fragmented region of Brazil’s lowland Atlantic forest; they were formerly abundant over a range
of 13,500 square miles.
This book has much to offer both the scientist and lay person, and the price makes it an
attractive purchase. It has a sturdy binding of
lasting quality. I highly recommend it.
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